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(54) [»9!<O**0 tt*ffl*B**£#ftt«-©»fc*;» 


(57) 

iCC J: 9 . «^©rta* J ?ft3£SW>rt£<fc 9* * < ft 
■,-cc>-s&«s«£<*3 2. 52«f#«. 

1 0 %«± £ 4 J: 5 KSSSKfifiKDrt SAifcg 3 
n/c^«S4 0^±«««W«:«irr«c4 5cJ;o. « 


CO 


,30 


do 


(b) 


■ 


AM 


di 


do 


lOl 


(d) 


(2) 

1 

[ mat i J «st©£«'g#s£3 

if *»*JI2 XI* 3 feBllQttWHfclNMfeftOM 
»4 ti^m 2 X« 3 <C?B«<Dffig^aSS^»a3 
R«©«»{CfaD*»e5L/. aMaCtCfeiJBSB^IWB 

131*99] «^»fi»<Ofll»ttl**« 1 . 0 4fct±£ 

[JMOKM&IIW9) 
[000 1] 

ft&CttOH2«&<cHL. K<cBb<t*. iVZXM. 
[0002] 40 

[ooo3] ;s#*fi8']-f*<ci8or5i t awnc 

S^ro©fi 3 £WT £3 ft*. 50 


t$KJ2 00 0-l 0 7 870 
2 

[0004] «aswiK:«3ft*£«g<cu. m 

«ca*SnT:c»-5«@»9ie(DSS«. 10-15mr 
*0. S4a*TSettg3©.h.iBttl 0 0mgKr*5. a 

«. S3 1 0- 1 5m<Dtt5ftMB&a&ffl$!ftLfc:ft 
[000 5] C©«fcVifB£Kffil> 6ft* 

^fc^fciefttV*. 

[ 0 0 0 6 ] Sfc. »r©DS3 «rWT *&058#8l*ffil 
8S3ft*&S# (fcTF. Cftfc r^JSg«^(*j £(,> 

$&ffl3ft*©*i-«fcrc*>*. r&ftis. sfg©rtf5 
ffi^rs c 4«c j: »? was n-5®*-«wr 

[000 7] bfrlrt&lfih. \&hVLm9L$t\*> 

(D/ctf>. j*#©«HWIK». 5BSK: t » h A J K 0 mi h 

#JS;XJS9ig3ft£. i5&#tt. »s©^-^ 

> ?#Aft : ftt«:£tt -?fcl*a £ 

[ o o o g ] m e &cis# ©— «fi ( j^i»3t**-r. la 6 cc 

^s-air-i^iM 4. 4irBl-? — i 6 . ROtA 
IB2 0*Ta-r**fiCD^ai9---»yi 8<D4r)<D^ 

COO 10] L3^t 5Etcifta:snfcy-^>^ 

*jfiL/t. (WT. Ch* r^fBI^-v/ 

- 1/ y * XttJUIl* - i/ > i'Ol. >1* tl*v-^<D^ds^ 
*8*Jii£A,-C. ni»J'>--»'?'OF*fli<t»3 1 0-3 0% 

[oo 1 1 ] i*^<fe«fii¥«. ffi/iJca-rsi 


'3 

=>* l-*t**3tt*KB4ft-?-a>fc. 

[0012] -ec-c. cofsim^imritcMc. 
^7-507610 micmi$t\tc*r 

CO 0 1 3 ) itc. ^t8**jft5CS^<BB5^W»W 
0 9 8 /0 0 6 2 #JCtt. * v * > y-?»S14fi£»^5 C 
4ft < £JS<t**fer S^»tt<D9l«*><=.ft ****«: 

t- » y*te*r s #&*<ea* $ *m » 

[0014] #^¥7 - 5 0 7 6 1 0-^£«*£<,>tiS 
P&&BJS&W09 8/0 0 6 2^fecg3S<**ifc;fr£«:<£ft 

fccc/b;* ft?FS£*rr irtfBr-i^ y*ff at*c 4 

c4#r£*4t>5«£#*S. 
[0 0 1 5] */c. «B»«5'-AXJaw>Fl'*tffl 

*«4l> J >M£#ft&. 30 
[0 0 t 6] 3 #St¥7-50 76 1 0^ii«K 

* v > yra*#*gtc ft £ 4 1 » *> flS* 1 * -5 . 
[00 17] 

- 5 0 7 6 1 0^&tB**UiEPS&»SWO9 8/0 40 

0 6 2^tc5S7n3nri»«^{ci$i.>r«. ffi^sw^ 
<*!8Sfi-c<.>ftt». 

[0018] W*.tt. #»**£«£. **Uit£KS 
#&3?<D##fcJli#£K:J: 9S#Lt#«S«#<*4 O 
/c»£(Ctt. SSSfififctt, 8&ttQUI&KJ:DMi?« 
8tfft£b. £fci8#fiTU-a>£C4*i&*. ?©fc 

[0 0 1 9 ] *fc. WAtf. #J»**fc 9 so 
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fc#L,-t#jli*JS#«;4U Ch*v>KU;H|t*fflC» 
tffi*i,fc»#tctt. itBB#©aai4Sy^{cj:or*at;o 

•5. 

[0 02 0] 3 frCJS&Sti. H7«:7nTJ:'5 
(C. Am. #1**1. ZOm^^tiO 1 a. 2b*Jfc 
-e<D#fci;ia. 2 b4«#3Tttftrtfci;7a* 
WT4«*7^LT. #«*1. 2**«#3**. tie 

-7X. «#sise5it. #ig#SKctti<-csi*34fts<D 
SLfc»#cctt. jg^spc^escwAt < ft o . &e 

fF*4RHItCtf 5 C 4a9«r*ttl,> 4I.O fSJiHAi* *. 
[0 02 1 ] */c. -7>Ku;U£#<,»C. Pl-rtS*^ 

^>FUMi. ^B*4c#K*8£ft*>%«*?'E2l i & 

[0 02 2] C©|8|a*)Ki*-r5/t8oec. Wxtf. SBS 
£H3rWO9 8/0 0 6 2-sf<Cti. 7>KU*Of-'< 

<. ^fl<t4io*rtt*+#r*a. 

[0 02 3] #£¥7-5 0 76 1 0^£$8fcg3 

Hfc « S * - > y<0*£St* U r«E8K«> - 

»0igi*«i. ■y^Huwr- suc&s-rai&stc 

ttl,r«tt;*Jifc-f*C4*'-C*S. L*»Lft#6. 
g>4^5X"fe* 1 *4. 

[ 0 0 2 4 ] 3 6<C. fi£(R«#lS J £:fflt i r#Ke*«6 
T4t8#. #H*ti. )Sffi©**¥*«:ttlXU. Jl-^ii 
S^WCftiE^-r 5 C 4 ft < . S#K ffll > * 

©^-HHW-C*^. -7j. X«0 < JCC««3ni#Re«c 
«. *S<O^i^l*i*0. S#8*©n^&0 t ^S 

[0 02 5] ^©/c». *asti/c#K*^-e<oi*ffl 
<.>-c5i:lfci8#ufc*a£(cti. ^eii-s^s^t*^ 

as<cii, G/HWWi^-r^o-c. c© < t^ft#«e 
«^**te*ufct8^«:tt. esa^*^«a* s ^iET 

awe. c&^a*^, BUMW«IMltt««*iBa-r*c 
eH^s^ft-'fti.'. 


5 

c o o 2 6 ] *m#m&iUJ: i ttimmt. mi 

T-5ffi^gP05S«ett<DfiTA^r 5 C £<Dft(,>i£1rB& 
C 0 0 2 7 ] ifc, *3«JBi* t «t 5 <fc1-*flfe©3!H 

[002 8] *#SW#)Ki*l,,fc , >£T*f6<Z>ai 

C0029] 

[0030] C©<fc 5ftffi@ffi£JS«^{*5i. 
Kit. ^»^g©488fc2#©rt&*ffiSG. 

-5. C©«te. «gPHtS*di5%«±£^iJ:^K: t ft 

[oo3i] t /c. ±ato£ vx&sffi&amteft 

fti>. 

[ 0 0 3 2 ] * ±aj©«fc 5 fctt«B*llt**tt 
«£3Bi2«<D«#tfl35# 1. 0 4 felf:£ ft * «*: 5 fC 

ffif5t&£-r*c£#sr*u>. »»ai*#i. 04*« 
<cft*£. ffi-gfctf^RKc, s£8iM>£%H#&£-t* 

(0033] ±ssmi3L*:&-rz>*miic&hti.'nm£m 

ft^-cu-sor. coj^fttteffi&jaraffi^t**. 

^£TOffltiEJ:')'h3<!«.acfc!WTt*. 
C 0 0 3 4 ] *<D/cA. iSSUrtHai-p tfwffit© 
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[ 0 0 3 5 ] ifc. js^s^sstirc^t^jas 
£ ft -5 £ 1» -5 

&<* *tifc^«B*ia office «t *) m^b xsm'gniz 

{*£ tfcW^tciJU-C. tt«^B!Iie4S!36«:a$Ji«T£ 
&S.fc^CCftie:^S«£tt*teBUcliSK:«. ISA 

im t * Stffitt<Di5TA«fe C ft I >. 
[ 0 6 3 7 ) itc. #fgWCCfiiSft&ffl:£J3m&£i* 

5. 4©fc». ffiSfPKI«-RHKCff^c£A5-C#. 

[ 0 0 3 8 ] 3 6(C. ^e©«ffi*-?tf>tfJS©«jHS«: 

<*£ b.fc»£lCtt, ffi&CC «fc »3 :!>ft < £ fe^^B-SOrt 
&£***C£*JTSS. -e©fc«>. ^S*-50JiW« 

PiK:^TiK^*/h$<rac£Air#. 4*k. am 

30 #14. : RtfW^te«*i/c^SlS£<**H»*C £A*nJ 
gfc£ft£. 
[003 9] 

I^i«©ie5S(DJg»] fel"BC. *^<^Jfe<D^S{co 
^r@Iffi*#)®lyftAi6»lffltcaW-r5. 

(felT. Ch* r^-SAJ £l^> tmrxfKR-c 

0iccfct»r. *&Ati. mmxmt. mmi. 

I8£. ffi*ttt^ie£*«^.ri,»*. 
10 04 0] st. ffiaifiJc-D^rittwr 4. sr*i 
40 S«, 01 (a)tc^TJ:^ft. n«tt©4««3 0O 
rt. P^li<Of*«i<D**a^ftia^*fflc»rfi^:S^. 
01 (b) CCTnfcfc^&C, «8S5©rtSd, **«t>.*aBOrt 
Sdo «fc»)^:*<ft-7-Cl^^Kg3 0<£/JOIT'5Ifl 

[004 1] CCt, *l6Wfcffli>P>ns^/5i?3 0 

<D-C«ftc>. WA«. H«ff«$tt©AAiS*$ia^«ii 
CCfflC»^n^)S«S^*{c*otfi. £863 0£L 

so -c9tm»im^i>c ttc. mm. 


(5) 

7 

na#t?5. «S4ite14©>R:**'g#;*ft*ffl 
i&ta-o-ttt. vrt^VlM h£*f->ux». Xt§2 

CO 04 2] 4te. #&9Hctet.>-Ctt. ££18^3 0© 

ttsffl©rtsw«^ffltc*trs. &aa©&is&3 0© 

[004 3] 

WKt»W> = <d, -d. . , . ) xl io 
0 0/d» . , . 

(bl. d, : ^a«3o*aj©ii£sa(Drts 

d, . , . ;^R«3 0«aP©t£aiJ<DF«iS©«/jNa 
[0044] #i£ A©t§l5f. iaSJUt&^tt. 5 XH±a» 

t o o 4 5 ] c tut. £jst 3 o ©^a*«8fs©-ms 

*»K:^i4. StS^CrtSd, *J. ffiS«©rtSd, 
^•j/haci^gC^tt&Stl-S^KftD. d, <fc 

^st^aswi-ssaseasffiasft&^te***** 
•s/tafc-ca*. 

[o o 4 6 ] ft*. &8&mm<Dftmcm<.>titizft& 

©jft/HBd, « , . iLXit. .3 
r«. 8£ic«<,>6ii*£«fc©«te*>'b*W;**i*« 30 

[ 0 0 4 7 ] *fc. JSSJSa^tt. &£28©aal433B£ 
flfiU. S£or. £JJMf3 0©flQX©SB14. 

[0 0 4 8 ] Sfc. ftg(C£Ort&aii2*Ofc85#<DS 
5 (J£IT. cn* rffiSSSj £i»l», 01(b)*, 40 

r l i j -en*. ) a. &««3 o©jnx©sgt±. m 

(004 91 ita^nat. #<cfRSi*n*<>© 

A^iwi^ygt*. ^©ss/cw. ^a»30©js 
[ o o 5 o ) *«c. iSffiJoxxiiic^t.rjiiHB-r 4. as so 
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ffijjoxxaa. 01(c) sk. ffisigccfc 
«3aaB*ia#iii:a3nfc*ji«3 o©aaB*BFf£©itifi 
tisjcaftttoi-raia'c**. chtt. &sra3o© 

[0 0 5 1 1 fcfc. Sffi©fiI01^a«. «K{RS5tii 

4©r«6<. wfttox. 9?e>a<iBi#. s«©7j 
a*ffit,>*ct#-e#*. ztc Kaat^««3o© 

k. &®JMxx8tt#ri^g?tt&<. ss8-r*c 

too52] ;x«c. mm&xni-c^-cmmtz. tt 
amsxizu.. $taxa{c*jt>-cJas5rta*i«£asn. 

flOXi*i-lfc£IS^3 0*3?i*£fcti\ £S«3 0. 3 0 
[00531 CCT. ffijfe&^&CCK. #13^3 0£ig 

L . Jls-f— f- 3 6 rc$©3£lft 
t,>rfc«fct,>. 

na©r. ms-fimt Lxtm-c*>t>. mi <d> tc. 

ilSf3 0. 3 0©S^S?tBCC-f>i)— hW3 6^r# 
0. ««l£l&«£&K<fcOS£3ft/c^gig£f*3 2 

©-w*^r. 

[ 0 0 5 5 ] i/c. ffi«ta^©*fr«. <*ffl-rs#jss 

3 0©WBtc£t;T*a«:KH£aiR-rntf<fct>. at* 
WCCtt. WT©^Trtf^i«tl,>. 
[O05 6]*f. 8M©iifflJRiiiaxB. 5 0 
ym«T#i?iU>. fi^ffi©^Effl3Rmax^50 

um*a^.-5t. ffi^ffiKi«,>-c^ag3 orsi±* 5 +}> 
*8*r. is»,>«^*a:^a6nnci»©-ctf * l < & 

[0 0 57] ttc. hW3 6«. 

Ai] 2 0 0-C«TT*5N i eS^*« 
JS-C*5. -f>1^-hH3 6©a**ll 2 0 0ttii 

■si. m^^m^'imift*©^. s^+icett* 
a-r5*ffi^»* 5 «4r-6©-c«* o < «tc>. 

[005 8] «fflT*-r>^-H^3 6©S* 
tt. 10 0wmttTW*U». h»3 6©Jf 

3*il 0 0 umZaX.Zt. a^»ifi*cte^*7c*©ie 

[005 9] ttte. ^>!f-hH3 6©)fJi*5a:. tttcK 


9 

SSn^<>©-C«^< < 193 1 0 0pm#T©f5tK©-Y 

l-tf3 6*?g£#ffiK:;rt-»cr&<£<. 
«. J?J**<1 0 0ymfcrFi&SJ:5K. t9*tt<>U< 

(00603 S£*fflSl». #«{btt#ffl$W#* 1/ 

co o 6 1 1 gtes&w. 1 2 5 o-c«± 1 4 o o*m 
T<owmifitm-cibz>. &£iiaa j i 2 5 ot:*i«tc^ 

i-*©-c#*i/<&i.». 8£aK**i4oo*c* 
iaa.*i. Btf*^at-r-5**ft#*s©-c*f*o<& 

t->. 

[0062] 83flK(CfcW*GI8ISI3Ki. 3 0#feU: 

3 0o#ttT#*?a-c**. ffJtRra*i3 0iJ.>*jSr* 
3oo#*ja^.5<!:. mm$fimT?z><Dxi#$u< 

[0063)3 £tc. %G&Mtcm-rZMEJM. 
1 . 5 M P a «± 5 M P a £lT#»Hrc* *. flOE'Jtf 
1. 5MPa*SSr*-54. »£!?!!©«#***+*}■<!: 

[0 0 8 4 ] 4fc. ^AtCJst,>r«. 

ZflffifcW. 5MPafcrF4T*©#W*U». 
[ 0 0 6 5 ] */c. ffiK«£*fT5fc©W&£i£i or 

I 0 0 6 6 ] /c/dU iSJIi^aiJjni&XttfcgligiagS 
WBSCcffll^KSIzfiajjttiL-Cii. H-ttfttfl 0 0k 
H z WT©4>©£ffll><5©#*?i U>. 1 0 0 

<->. 

[0 06 7] £(C. CCDi^CClx-CWbnfcffi'gfflsfeia 
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rS®3ftfc^g«£*3 2©Sra4«ft.>. 

^3 2 ©«&*-«©* ^{c-rsisr**. 

[0 06 8] UtttfJKSi. 02 (a) {C^TJ^tC. $ 
£aay#8£»©rtg*i. -5-h-ehd, ayfd. CA 
*£jSre«£<*3 2 ©Hga>6-?> F 1^3 4 *»A 
U 02 (b> tc^TJ^lc. &«BJg&f*3 2©<fcia 
{CfSl*>r)r-7>KU^3 4€r»tt3tf 1 £«g£#<*3 
2<0rtS4d s *-Ctfc*StMU<J:i,>. *ftW«c4B(,>r 

10 Ag4Xift*ffiV*ti*?. ^©»2©«rS3l1-5. 
[0069] 

[»2]ffig$(%) = (d, -d. . , . ) xlOO 

/do i i d 

fat. d, ; tL<g&mffi£&<Dft& 

d o . > . : £SB3©#te&8B©f*JS©*'NiI 
[ 0 0 7 0 ] <e*», #a;A©«8£. tt*¥tt. 
0©a£*g-?>. £HeSS<*3 2©J?ii£3*«l8br. 

tf. «a»«ff©83BtB*K< Sc 4*«r#*© 

jmi9©#Jg#8B©l*ia©«>JM»do . 
i . 40r. ««*>6^ffl3n4*'MB*ffl^-Cfcfi 

s. 

1.0 07 1 ] *«c. ^ffiAfliWfflccot.rawrs. ff 

£<Mt3&0Pl8**1'«&mr3O (01 (a) >© 

«h». mso«Mnea*&awc©iCfcssL. rat 

&L (01 (b) ) L 8®«iff£©£ffifg3(CMgA] 
ILfeU (01 (O ) . ^Mf3 0@±^li:»a&f 

30 *4. 01 (d) tc^r.t^tc. sasansd, ## 

[0072] C©i^44BSe«^(*32©-«{C-s'> 
FU*3 4*#At. ffeaccifil*orv>KUJl'3 4 ; fe 

^ISa^Si. &0IS^«:3 2©n{i^^L. 02 
(b) IC^T £*>IC. -SOWSd, *ff-r4#05«« 

^{*3 2tf94C4*Jr*5. 

[0073] cam. Mmmom&nm&d , «. # 

«tS. *©/c». fi£RS^©B8fCi»KflK!8*5^tL. « 
^»©*JBdfcW5TOri^»^-C*-3-C«>. «£«JCJ: 

[0074] *fc. ft^DrtSd, )WHS^»©rta 
d. «t«)**<,>/c«>«C. «^SBifi»©St3B«!S*<'hS < 
«t5. C©?Bgfita©«^*«. S^38©f*JSd, 

^#<^£-&. -?-©/c«>. 1£1M>H{C^>KUA3 43>*< 

w5B»fi5i©«ffii3:. ~«ncrta*wr*#«e«s 

so &*sm-r*t6£lctt«L-C/b;?<&9. a£Sff*©S 


(7) 

UL 

[0075]$ zsm'gz oQM&Rmm-t 
&£&nxtth'M,>xi,>ztiteT:t>->xt>. &«S3o 
mmzmmmam u . -s^jbs 3 0 
/c^tcffi^rntf. £jsg«£» 3 2 <ms®wm 

*fc. IH#8m©ffi3**i£C9K:< < 

fcS3ft/c£lS««£fl;3 2<D5SK. SSttS 10 
1tftW5tai±AMSTT-S C i h 
[007 63 ±MO^ffiAU:*Jt,>T«. S^ffi 

*c£*ir*a («t. cft£ r^rffiA* j <fc<.»5> . 
c©jfr&. ttsxg{cfct»r. &isre3o©isgsifi«© 

r£KW3o©aaiSK:B)5fc j &JBfiSU cft£3S?£t>-t* 

[0077] *<C. #lfci?8<D3ll 2 <DflSS<DJf55StC# 20 

m&mm&&m9i&fimc-o^x&m-tz>. 03 
<*©«&#& («T. eft* r^Bj 

[0078] tesxiitt. ±^i/fc^A4©a«c. 0 

3 <a) K.n?*.')*, RISH*<Z>£H»4 0<Dfl. 335 SC 
CC<fc9. 13 3 (b) «:^T«fc5(C. JSSififSOfitliWif 

s©»gH£&*?ffi3$snfc£««4 otcjnx-rsxH 30 
[ 0 0 7 9 ] f! u ;*&B<Dt8£. s§fi£&$t;t. 1 0 

e*>&S&£.CZ&. fc J: »>«l£?ftfc«£ 

1 0 0 8 0 ] fc*. £»g4 0 1 LTa£S«CW*.*£« 
ssl, «*^K'g4 0©ttix(Dsrsttsf i &ar(fiLt:ffS 40 

4. 

[0 0 8 t ] -xtc. *aCflDXXg{c*$i,>r«. 03 
<c) (c*rj:5tc. ffiSIStCct^fflSBrtS^itSS 

2 «. £«g«^4 2«:i!*3*i-51$t4(cic:i;r. (f 
.*CCEsb£C£#ri*.&. 50 
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[0082] iVt, »^xgK:*ji,>rtt. te&xgtcfe 
t. aaiK:^fti;4 0a^sssnrc#ae4 0is]± 

8f4 4*^t, IfflSSftaXfrca*. J8#4 
4(C». £WS4 0K:^3hfcmai;4 0 a£«£5J 

ee*trtiat;4 4a**fl5^nrt»i, c<D«i:^cur?!? 

[0 08 3]Hjg3n/c^ja , gfiE^«:4 2«. Tj&ACC 
<*9?96ftfc£«S18£tt3 2£!En«Kc t 5£^ft> 
ft> ^s«£tt4 2<Drtg*»-Btt>**5d, tcffi;* 
3ft*. H&WtCtt. 134 (a) {C^TJ^JC. £«B 
g^(*4 2©-iS*><=)-7>FU^3 4€fl>AU. 134 

(b) (CjjrrJ^fC. 4 2 <Df6ig(Cj6ti»o 

r^>KUA3 4*r#«i;?tt5C£«Cj:9. iElSSS^ 
#4 2©F*3S*3fS©fi£g*-CS£g3-B'S. 

[0 0 84] ccr. imBoms. &jsra«£(*4 2 
<d«§«. &»g4 o ommmmiuTo^mvn ^ 
ctwm*i,<.\ w&**ffiem&&*:a*.z>t. are 

»*l/<ttC». S/c. SS-SfcfifSK. «!-£4 4*i**fc 

iff STCffi^T-SOtt, g£»fiK©mA%tS*. FK*C' 

[0 08 5] £tc. ^ffiB£Dffffl(CO^r»Bars. T' 
SWSg&ffigsfWl 0%«±i&3<fc0«:. £Wg40<D 
^fi#<D|*rt££S:l£U £«S4 0|3I±*fcC«it&l: 

ccj;ofli^r-5i. «^a©rtsd, *s?Ms^aswrt» 
d. «fc»)^:*<«c-,-ci.^^JSeS^»4 2%§a(c» 

[0 086] C<DJ:'HCLXnhi\tc^m i S^»A 2 

CC. JS^S6ifi»®S:^Stit^3</i5. -e<o/c«>. JS] 

[0087] iXtC. **W©S 3 <DH*S0#S<CSi.5fc 
(a) ~ <c) ». ^l?©*P3©llifi©««K»sas: 
il''?) *^rxfiia-c*5. 

[0 08 8] ^C©»^. &RS5 0 4L-C. fi^gtc 
Z%%1fc*mr h * 6 <9> 5 tt*4*fflt » 4 C i ^-c ? 

^AiPi«r4>5*«. na«©^fflt5o<D 
[0 08 9] -r<ct>^. 05 (a) jc^r.t^^nifitt; 


(8) 

13 

£t>itxnaKb (as (b) > . fmBttwcmd 
tt&mtiamtz. m^mt. as (b> ics* 

10 09 0] C©#. «£-£##iSHWC*a4. 
#WS2t£^fl5U 05 (c) tCTn-T-fc^K:. ffi£3|5©rt 

£d, ##8£SI5©fl&do <ft->-a>*&H 
3m£Se©&ISg©rt&©£'hfi8fc:*iT*> 

©g£8B©f*,£©J9#*fil*ai$4l>J»tf < £©8 3 ©5* 

•csss-r*. 

CO 09 I) 

[83] »#&4s=d 3 /do . , . 
(SI/. d s :tS£8f5©l*,a 
do . . , : #S£2B©(*9&©S/MI 
[0 09 2] £ffiC©*8£. MStlWi. 1. 0 4«Jt 

*tegigfcfcc>r. •cattajBst!-*'* 20 

C0 09 3] ^te. ms&onmmm, . . , 

tc. mmmmu. &. , gmtcisiiz>m&&o>mi±£.z>h2 
<l. as©«££W»rs4i05S-cK. 

IttT. Ctxi r^tHfiSj 4l>t>. 05 (c) «t». 

r L 1 J -C^tS. ) «. 4£«X«CCfeCf5SC}BI6CI*^ 30 

[0094] *fc. 3j&C©t»£. J£R«£8#<C«£?!i 
ffiS#£»ffifWcgm§E^3#*-J*S*i*S©r. ffitt 

T*4J:l,». 

[0 09 5] -f*t>*i. ISSflRtt. 1 25 0-CJJLhl 

4 o o-c«T©ea* i wat , *4. s^as* 1250 

fc(3, *SUi5^©ffi»*H-#Cc?ftoftr. g£«8 40 

#ftT-r*4tf-e-4-i*i«>-5. ig^jas^s-rif-s 
d. 5 o ©£#s$w<* #< tci. mammal 

i4oox*fflx^£. stWjgia-rsfc-e-nAi*^© 

10 0 9 6] 8£SKK:fcttS<S8i*ISJIi. 6 0#«± 
sWa?**. mS«ra*i8 0«f*iftT*44. 

mmtti&zmz c t#-c* ^©tw-ews c < 


ttP3 2000-107870 
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[0097] ttc. m^nmicmti,ms.Mt. 2.m 

PafeLk#«S-CA*. Mi##2MPa*iiSr*S 

tt*5. #fcC©»S. 8U&ti¥**3<T*4 
^rfeSl.». (IU «!KtQ^5t'&¥ i £iaA-54 > 8» 

[ o o 9 8 ] 3 etc. e^ssja^w^aw. 20 mm 

feU:##S-C**. to»*I#2 0mrojfciiSK:tt4 4. tA 
ami¥*"J , >3<fcS4#K:. »ffl£3L, *>Ji<*S© 
■C»* C < St>. ffi©B*©£ff?ffita* «fc 0 'h3 < T* 4 

(0099] *g£ffi©fiffif.a3 Rm a xtt. 5 0 
am£TF*i|fSU»d. {£fflT*4 >*— Mitt. St* 
*t 1 2 0 0 XWT-C*-5W3 1 0 0 m m«T©N i 
^XttFc^^^Jfil/t,'.* ^>tf-htt©Jgtt • 

ttA4|5]«lrAS. 

[OlOOlifc, &£?F«fU;t. ^fffiMktt^WSuJi*? 
RO f lt««^f : r i 5F5©«ljK4t--CW. Blffi 

a i o o k HziTF<n&m&xi&zmi.>tz<sf£imm'mni 

[0101] ±a>©«t^(cor*4jS3n/c^r5E© 
»*m*«:*T.S^«eS^(*5 2©4trg#fftoo7*. 
A<*Wtc«, 05 (d) {c*TJ:5tc, ^!SW«^(t5 
2©-iS*P6-7>FUJU3 4£#AL. ^«B«^*5 

2©ffi««:(Si*»or-7> K 4 *»163 tf^arj: 

[0102] tfi*. SWS5 0©^Jf*t6^. 

<D%%fttZM<llffiTZ>CttfiVZiC>X-. SHRffiUm 

^ob^Butsmm-ctsmrictkva^M. urn 

A4ISI«r*4. 

[0103] ^c©fPffl«c-5t^-C5ft'!H-ri. a 
J»*jSAJS£S3nri.»«tO*««5 0£3S#3fc-e. * 
St5 0|5)± ; &ffi»ff^r*4|Sl^(c. «^2Pi5«*ffl 
gW{cat4^34±54. Steason&d, ^ffi^iW 
©rtSdo J:»>*t<J4o-Cl.>4^l5eS^(*5 2?r7? 
1«C»5C4)!H-C*4. 

[0 10 4] COmiClXftbtltcSM'gltiSitS 2 

<c, «^ise}©3yf?«eiid^3<«c5. -e-©/ca. ^ 


(9) 

15 

(0 105] S^©rtS^*<^^t^5C 

c -e©fc». a £[§]««:. fssssa^ 

■C6. OTKJ:9Sfe«£aS*>*£(/<<:<<«9. ** 
4. 

[0 106] (HiSWU ^A*fflC>-C. £JSg}g£ 10 

-KH4 0 («T. C<l«rrAPl H4 0ji«ST 
-5) *>6&5ftS7-f>* (1 78mm) . MfO. 2 
3H>f (6mi) <D£*»f SrfliO. t 

[0 1 0 7 ] *K. i^3tifc£ISe©«ffii££iIiffl3 
RmBX#30um£TF<!:&*«}:5K:fctBf. £JSre<D 
Jf^WtBK. J I S BN i -3t§S<D«SE«:WT5i* 
j*l 0 5 0 TJ. I9S 5 0 n m©N i *£#S*/H»U 

ara*ai2 5%<Ltt*<i:?K^>Kun.£HH>-cfi: 
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[0108] ft**. a^akDSojft^tctt. jaac»3 k 

* It. SteftfftX. 1 3 0 0 U EftlSIB] 1 8 

fc. 

co 1091 (mmm2-3. it«wi. 2) &i5S3 
o©«3Pffi£¥*. -e-ti-en. 0% <tk«wii) . 3% 

aiWi2) . 2 0% (3SJSW2) . £#2 5% (Utt 
«3) iOfctmtt. njfi^i &B]«©^Wci&>. * 
«^S^*©SiSacfJ£S*1f -> fc. 

toiio] ss*0) 1 ~3 . ftptusffl 1 -2t?»p»n 

9 effWb TO. 5mmtTF<fcUfc». C©« 
£{*#>6. API 110 4#5*«>i-£WDHiL. 5155 

[0 1 I 1 ] 

[SI] 


Cio) 


17 


#032 00 0- 1 0 787 0 
18 


£ » No 


tt««2 


£H#I2 

WW! 3 

M 

V 


API H*0 

I HO 

API H'fl. 

API H40 

API H*0 


rtg (Of) 

7. CO 

7. 00 

7. 00 

7. 00 

J Alt 

1 00 



0.231 

D. 231 

0. 231 

0. 231 

C. 231 

(%) 

C 

3 

c 

20 

11 


30 

30 

30 

30 

30 

> 
1 

h 

m 


BNi-3 

Bli-3 

Ili-J 

BNi-3 

SNi-3 

MA CC) 

1050 

1050 

1050 

•050 

IC!I 


SO 

50 

so 

SO 

SO 


a 

a 

m 

a 

m 

(*C) 

1200 

1300 

1300 

'300 

1300 

{m«B ( s ) 

ISO 

ISO 

150 

ISO 

180 

ftQSE* (MPa) 

4,0 

4.0 

4. 0 

4.0 

4.0 


Ar 

Ar 

Ar 

Ar 

Ar 


(Iklz) 

(3kHz) 

[2kHz) 

(3kHz) 

(3kHz) 

(mm) 

4.0 

!.0 

- 0:5 

0. s 

0. S 

*«* (%) 


25 

25 

25 

n 




tSMRL 


tinm 

BR 

(MPa) 

283 

4*7 

7 1 6 

718 

717 




« *r 


4 « 


X 


O 

o 

o 


[0 1 12] «^£S¥€ 0% t OfcttlRff 1 "Ctt. * 

xmrnt. 4mm<caLfc. a*, anraoaaseat* 

tc. 5ia»K»2 8 3MPa<Ofi«H**L. sWW"ti 
COM3] JISttg**3X£t,fcttiBfll2?tt. « 

•C. 3l5S8Ktt. 4 6 7MPairifil±b/c*5. 2*8)}- 

[0114] ctucatu isssiifia^^-e^-en. 5 

%. 2 0%. RU2 WtUcMfoWl. 


CCtt*»ttl2806ttfc*Pofc. ?6(c. fg^-aKfi. t» 
rft4>m*£PI3r*S7 0 0MPatU:.*^L. 2*j* 

[0115] ja±<o£*a>6. ^a'gt^-r-isirtc. 
tifit>ip->tc. tic. mtmmtt* & 

[0 116] (*SBfl4) Tj&Afcffll^T. 
<*(D««*iTofc. £BSicfc£. API H4 0*f>fc 
*itS7 (17 8mm) . ft/?0. 23H>f 

SO (6mm) I. >. coawottflwa* . 


(11) 

Rmax#3 0amWT£&5J:5Cctt±tf. &Bf<p 
8£l?ffi«C» SteS 1 2 0 0 *C. *3 4 0 u raOF e - 3 
B - 3 S i - 1 CS£S*rt»l/. tMBtttt»^«rf 
fc. S'jCC. ff^ftfc&IISg^f**. i£S$#2 5% 

[ 0 1 1 8 ] ttfc, «^3S©»Ii«k^tca. 3«»3 k 

*/c s^sm*. «£sri 2 5 0-c. &mmo 10 

#. MS^34MPa t L, A r #H5*«priS£*?T-5 
fc. 

[0 119] (386015) -f>1f-M*£</C. J I S 
BN i -5ffl£©*aJ!fr&WTS&£l 1 4 0-C, S3 
4 0 limON i 1 3 0 0 *C5C 1 2 0# 
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[0 120] <|»«6) Y>-9--hW40r. J I S 
BN i - 5fflS©»fiX£W-r*3fcS.l 1 4 0*0. »g 
4 0 um<0N i £££}S«rJ8<r>. 14 00 

•C. fi^SMO*3 0 0#4t,fctWtt. 3lftW4 iflltt 

[0 12 1] <ttMM3) <f>tf-Ftf4l,r. «L£I 
2 9 0*0. if$40Mm<DFe-2B-l S i££JS* 
ffll>. «£SK*1 4 0 0'C. Kf#*$ia)«:3 0 0#. Jjo 

[01223 jomm -8 . ac^ttRW3 r?*<5>*/c$ 

[0 123] 
[*2] 


(12) 


21 


2000-1 07870 
22 




« No 


Wt«4 

IMW5 

sitae 



API H40 

Iff f L / fl 

API MO 

101 If i ft 

API H4U 

tor i/iii 

t 

-* 


7.00 

7.20 

7.00 

?.co 



0.231 

0.23! 

C.23I 

0.231 

awtta* (%) 

:« 

IS 

IS 

IS 

(Roai : Mm) 

30 

30 

30 

3C 

> 


Fe-28-ISi 

IC 

6IM-5 

BHt-5 

v- 

1 

SLA (*C) 

1290 

1200 

(-.4 0 

1140 



iO 

40 

40 

40 



rs 


% 

!S 

a*iUT CC) 

MOO 

1250 

1300 

1400 

&mm u) 

300 

60 

120 

300 

4HE^3 (MPa) 

5.0 

4.0 

♦.0 

5.0 


Ar 

Ar 

it 

Ar 


jmxb 

(UHi) 

liHt) 

ismma 

(IkHt) 

(3kHz) 

(mm) 

0. S 

0.5 

0. J 

C. 5 

SSS* (%) 

25 

2S 

2i 

2* 



Mini/ 

«tv5SL 


tat 

tat 

(MPa) 

4W 

719 

720 

722 



9 ft 

* * 




O 

O 

O 


CO 1 2 4] 2 90-Cf*-5Y>^-h»*ffl 

^fcttMMSVO. 6^IBI*3 0 0#<!:Lfceci*a» 

- h »fc«we . «^9?BStc*ji. » r 7«M>ffi; 

[0 12 5) ChtCftU nAfti 200*Cr*<5^> 

tr- n**fflt>/c*ife«4 . mficM&& 1 1 4 o-cr 


src*S7 0 0MPaJaJb£^U 6MW-«. Btfffl* 

[0126] fit*J. XtlM3^6RCFtt«M3(CifC>r 

•C. fi*8£tt. b>Ttl<>0. 5mmTft^fc. 
[0127) fcLh<D6**><b. ttR**KnMat1lft? 
■£*&(C*H,>t. 1 2 0 0"CWTa>-f>-9--Htt 

[0 128] (*tt«7) *ffiA*ffll.»r. #.BMFttft 
«a0ffi«*ff-9fc. gJXSfctt. AP I H4 0*>6fc 
•59fS7 ( 1 7 8mm) . P3/90. 2 3 1 <f>* 


C13) 

23 

(6mm) ©si8?aSg*ffll>. C<D»«©aWFia*. 

[0 1 2 9 ] £tc. ttS3tiA:^aS<J^B4^Sa$ 
RmaxJOJSOumJrFiftSi^Cftfctf. &ISg<0 
«£#Stc. J I S BN i -StmoMEZZHtZBtl 
jftl 1 4 <rC©i»>!-tKN i S££*J3<* 1 0 0 umift 

[0130] Sr-fe. «^ottB»^fiiK:i±. &S8S:3 k 10 

tt£fflfi 1 300-C. «f#SIBi 1 8 
0#. ttlE^4MPait. A r #HSW>-CfS£*fT -> 
tc. 

[0131] <236W8) ^>t-hWiLt, J I S 
BN i - 5tBS©ttJfr£:WT2.N i 

ff-3/c. 20 

(0 1321 (JBM*9) -f>-*~htt£Or. J I S 
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BMi -5iaSOlfflfiX*Wr5)13 4 0MmON i?g 
££*3*fiH>. ££SK* 1 2 5 o-c, ssftissfsjse 0 

[0 13 3 J (tt®«4) Y>?- J I S 
BMi -5tm<Di&G&&?Z>&2Z0 0 *m©N i 
»G*8*flfc». «^SIK*14 00-C. 8tt*IK3 

»B«£#tf>»i£Rtfi£®£tT -j fe. 
10 134] (tm.ws) ■ov-vtotL-c. j is 

B N i - 5ffl^©fflRS*Wr SES 4 0 w m©N i % 

a^as* 1 4 5 o-c. m$*iffl*G o 

18£i*©t«j&&tfffig£iT -> fc. 

[o 1 3 si mmm7-9. Rutrnm-s-cmhti 
g*^3«cm-r. 

(0 136) 


(14) 


#532 0 0 0- 1 0 787 0 


25 

26 


H 

< 

Sft No 


»«fl7 



ttlBevI 5 


» Jl 

api mo 

API H«0 

API H«0 

ap: h*o 

API H40 

m 



7.00 

7.02 

7.00 

7. 0 3 

7.00 




0. 231 

0. 231 

3.23' 

0.231 

0.231 

««Wfc&* (%) 

IS 

is 

*S 

«5 

H 

(Rinai : Am) 

30 

JO 

30 

30 

30 



OVi-C 

BHl 3 

jm i 


BNi-S 

> 
if 

at* co 

i M 0 

i 1 4 J 

1 1 40 

till 

(UO 

i 


209 

i n ft 
1 00 

in 
JU 


*0 


a 

m m- 

» 3R 


?i 

#*iS* CO 

1 J Aft 
I < V v 

i J y j 

i ion 


MM 

&&*tfa ( s > 

300 

130 

60 

50 

60 

tlUSiJy (MPa) 

5.0 

♦ . 0 

<. 0 

4. 0 

2. 0 


Ai 

Ar 

Ar 

Ar 

Af 


mm** 

mi) 

|3kHz) 

(3kHz) 

(3kHi) 

(3kH 2 ) 

(mm) 

0.5 

0. 5 

* C/5 

0. 5 

0.5 

ffiB* (%) 

is 

25 

25 

2$ 

2S 







515* 

(M Pa) 

558 

71$ 

72! 

713 

857 



S *» 






tt- 


A 

O 

o 

o 



[O 1 37J -Ol>--htt<OJ9S*2 0 0iim4U/cJ:t 
S06tifc. ?ISBSBK(J. 5 88 MP a T* 9. « 40 

Km*. ssi?ffi^6«asrtfc. cn«. n* 

{ 0 1 3 8 ) itc % S£SS£ 1 4 5 O'Ci UcJtt2« 

a. msnwfrb&Wiitc. 

10 1 39) CflCCttl,. Of - 1 0 0 50 


fts?*iaA6n<c*>o/c. tic i»rn<> 

»tt«*"b«IKLfc. 

[0 14 0)ittii. fSJSfl7--9RCttt«H4-5{C.fe 
[0 14 1] y±0£**>£. £/5re£i«taffi!R«£T 


27 

14 0 0 "OUT 1 1 4C4)5ib4>-5fc. 
[ 0 1 4 2 J (HftW 1 0 ) ^T£6A*ffll»r . £»gffi 
^flHDtttfcfr^fc. SBi'mut. AP I H4 0*f> 
4-S^7 ( 1 7 8mm) . f*1JS0. 2 3 W> 

? (Bmm) OKJKat^ffll.*. C<D»g©^aif*rfS 

[0143] £tc. te&3*ifc£«g<7>«ffi*ilEffl<* 
Rma x#3 0 (imaTiMJ: 9«Cf±±tf. £»g<0 
S^SffitC. J I S BN i -5ffl^©fflfii«:«T5M 
*1 14 0t. H340<xm<DN i £££8*/rt*U 10 

i. i£e^#25%£&a«i:5K^>FUA£;?H»-CS; 

[ o i44] ttts. ms&ommn&ictt. mmc3 k. 
ifc. msikfrit. s&fisi 4 o o-c. sftu$ra3 o 

#. JME^J 5 M P a i L. A r #HSt#TlS££fT^ 

[0145] cmmM 1 1 > m&mic*jiiz&mm 

*3 00#. flDlE/J^ 1. 5MPail/dm USS 20 


15632 0 0 0- 1 07870 

28 

WlO£Htt©f««:S£ir>. 

[0146] (tt*$fl6 > 8£ia&«i:foWSSitf»*lffl£ 
l 5tJ»£0/ctWtt. Ht&fll 0£|SItiM>#J®tCl£<,.. 

[0 147] <it«0J7) 4>-*- Ustib-C. J I S 
B N i - 5tB3©«/a£W-r*/S<* 30« m©.\ i * 

£&?s*ffl<.\ ffi^aeccfcws(s}ij^fa«3oo#. 

IffiJl* 1 MP a £ LtcMHK. *SSW 1 0 £IS1K«>* 

mem*. ^sesswoijaso'ffi^tf^A:. 

[0 14 8] (ifc«W8) S^ita*12 5 0-C. 
B^BJ*3 0 0». iJDEE^7* 7 MP a £ U/cfcWi. 

[oi49]*tei«io-i i. Rvit&me-Qvn 

[0 150] 
[*4] 


(16) 


29 


t$H 2000-107870 
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II No 


»»« 1 o 


H*ffi)1 1 


a 

ft H 

* n T U J rt 

APi Hid 

l 3 t u j n 

A * I H 4 0 

API H40 

A 3 I H40 



7 A A 

7 /in 
7. OC 

7. 00 

7. 05 

7. 00 



C. 231 

0. 231 

3. W> 

0. 231 

23* 

«*fl»KS* (%) 

1 [ 

IS 

IS 

'S 

H 

(Rim : /im) 

U 

30 

30 

30 

00 

4 

> 



BKi-5 


8Ni-5 

=lh-$ 

1 

ft£ (<C) 

| 1 MO 

1140 

IMO 


IMO 

£3 (mi) 

40 

40 

30 

(0 

40 

£K 

m 

53 

m 

?i 


ftdifitt CC) 

1400 

MOO 

1400 

• 400 

IMO 

(s) 

15 

30 

300 

300 

300 

MEA (MPa) 

5 0 

5. 0 

1. 0 

1. 5 

7.0 

rnsnmrn. 

Ar 

Ar 

Ar 

Ar 

Ar 


(3kKi) 

(3kHz) 

(3kHz) 

i3kHO 

(3kHj) 

(mm) 

c. s 

0. 5 

C; 5 

0. 5 

0. 5 

(%) 

23 

25 

25 

• 25 

25 



Sift* I 

sift** 

8ft* U 

aft* 1 ? 

9IM 

KM 

**« 

31*51;* 
(MPa) 

563 

709 

626 

714 

667 





* tt 


• n 




O 

A 

o 

A 


10151] R£iBI5tCtott*{j&J3B$fB!£ 1 5»iU 

{CfeSJtfSsWftfc. *fc. 5 6 3MPa 

StKH-ii, 8£flS*>*>«»iUc. cftli. <S 40 

(0 1521 itc. toE#£lMPa4t,/clt8«7-C 

S^!g»^nfc. 3IK3<&«. 6 2 8MPa"C* 
a<(S<,>fc»cc. S^Wffi*»+»«:35»-ttr. Sulfite* 


CO 1 53] toE2j£7MPa£Lfctt*2ff!l8 
■C«. 2 5 0-CX-CT(ffc«C<>^»b6 

6<C. ?l«&fftt. 6 8 7MPar*»). HUtti*. £ 

[0 154] cntc^tt. ME£*5MPa. KftWIii! 
*3 0#4Ucf?ttf*»l O. ac«UE»*l. 5MP 

tfmbhtittt^tc. Site. uThfegtt 
4^5fC*i7 0 0MPatU:^U. y»m*. ftM 


C17) 

31 

[ o 1 5 5 ) **s. nmm i o- 1 i 

-a>S©r. S*&Htt, l>-**flt>0. 5mmr*>o 
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(54) Title of the Invention: Metal Pipe Joint for Pipe Expansion and the Manufacturing Method Thereof 

(57) Summary 
(Problem) 

Provide a metal pipe joint for pipe expansion and its manufacturing method, wherein even in the case of 
pipe expansion, (a) there is no decrease in the strength or the airtightness of the junction, (b) there is little 
deformation resistance at the time of pipe expansion, and (c) it is possible to reduce the level differences 
that occur in the junction. 

(Means for Solving the Problem) 

Obtain metal pipe joints 32 and 52 in which the internal diameters of the junctions are greater than the 
internal diameters of the non-conjugative regions, by either (a) diffusion bonding or welding to one another 
metal pipes 30 whose internal diameters in the vicinity of the ends have been expanded such that the end 
diameter expansion rate is greater than 5%, or (b) diffusing bonding metal pipe 50, whose internal diameter 
in the vicinity of the end has not been expanded, such that it reaches a prescribed lateral expansion rate. 


Furthermore, obtain metal pipe joint 42 in which the internal diameter of the junction is greater than the 
internal diameter of the non-conjugative regions by mechanically fastening to one another metal pipes 40 
whose internal diameters toward the ends have been expanded such that the end diameter expansion rate is 
greater than 10%. 

[see source for drawings] 
(c) 

Machine work Machine work 
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(Scope of Patent Claims) 
(Claim I) 

A metal pipe joint for pipe expansion comprised of a plurality of bonded metal pipes, wherein the internal 
diameter of the junction is greater than the internal diameter of the non-conjugative regions. 

(Claim 2) 

A manufacturing method for a metal pipe joint for pipe expansion in which the internal diameter in the 
vicinity of the end of the metal pipe is expanded and said metal pipes are bonded to one another. 

(Claim 3) 

The manufacturing method for a metal pipe joint for pipe expansion according to Claim 2 in which the 
internal diameter in the vicinity of the end of said metal pipe is expanded such that the end diameter 
expansion rate is greater than 5%. 

(Claim 4) 

The manufacmring method for a metal pipe joint for pipe expansion according to either Claim 2 or Claim 3 
in which the bonding method is a diffusion bonding method. 

(Claim 5) 

The manufacturing method for a metal pipe joint for pipe expansion according to either Claim 2 or Claim 3 
in which the bonding method is an arc welding method. 

(Claim 6) 

A manufacturing method for a metal pipe joint for pipe expansion in which the internal diameter in the 
vicinity of the end of the metal pipe is expanded, thread is formed on the end of said metal pipe, and said 
metal pipes are mechanically fastened to one another with said thread. 

(Claim 7) 

The manufacturing method for a metal pipe joint for pipe expansion according to Claim 6 in which the 
internal diameter in the vicinity of the end of said metal pipe is expanded such that the end diameter 
expansion rate is greater than 10%. 

(Claim 8) 

A manufacturing method for a metal pipe joint for pipe expansion in which metal pipes whose internal 
diameters in the vicinity of the ends have not been expanded are butted, and are diffusion bonded under 
bonding conditions such that the junction vicinity laterally expands. 

(Claim 9) 

The metal pipe joint for pipe expansion according to Claim 8 that is diffusion bonded such that the lateral 
expansion rate of the junction vicinity is greater than 1.04. 

(Detailed Description of the Invention) 
(0001) 

(Technical Field of the Invention) 

The present invention is related to a metal pipe joint for pipe expansion and the manufacturing method 
thereof; more specifically, it is related to an ideal metal pipe joint for pipe expansion and its manufacturing 
method used for the plumbing for plants or line piping that is used in the chemical industry or the 
petrochemical industry, or as the oil well pipe of casing tubes, production tubes, or coiled tubes used in oil 
wells. 


(0002) 


(Prior Art) 

Conventionally, in fields such as the chemical industry and the petrochemical industry, long metal pipes are 
used in order to transport corrosive liquids over long distances. For example, pipe lines are for the purpose 
of transporting crude oil obtained from an oil field to an oil refinery, for example, and their lengths span 
across tens of kilometers. 

(0003) 

Furthermore, when digging an oil well, in order to preserve the gallery that was excavated beneath the 
ground or to prevent crude oil leakage, steel pipes called casing are buried within the gallery. The oil field 
is normally in a location several thousand meters under ground, so it is necessary that the casing also have 
the length of several thousand meters. 

(0004) 

Moreover, seamless steel pipes that are superior with respect to corrosion resistance are generally used for 
metal pipes that are exposed to a corrosive environment, but the length of industrially mass produced 
seamless steel pipes is between 10 - 15 m, and the upper limit on the possible manufactured length is 
approximately 1 00 m. Accordingly, joints that connect multiple seamless steel pipes of length between 10 - 
15 m are used in line piping or oil well pipe such as casing. 

(0005) 

As a bonding method for metal pipe that is used in such applications, threaded connection methods 
(mechanical coupling method), welding methods (orbital welding method), and diffusion bonding methods 
are well known. 

(0006) 

Furthermore, as for the joints (called "metal pipe joints" hereafter) in which multiple metal pipes that have 
prescribed length are united, it is typical for them to be used as they are, without expanding or reducing the 
internal diameter. In other words, it is typical for metal pipe joints that have a desired internal diameter to 
be manufactured by bonding metal pipes that have a desired internal diameter. 

(0007) 

However, in contrast to line piping that is laid above ground, casing that is used in oil wells is buried 
beneath the ground, so there are the following problems in using metal pipe joints that have prescribed 
internal diameters as casings without modification. 

(0008) 

Stated simply, it is difficult to excavate a bare gallery towards an oil field that is in a location several 
thousand meters under ground. Therefore, oil well excavation operations sequentially repeat the following 
operations: (a) the operation of excavating a gallery using a drill pipe that has a bit that is mounted on its 
tip, (b) the operation of burying casing at a location in which digging has advanced to a certain extent in 
order to protect the gallery, and (c) the operation of pouring cement between the buried casing and the 
stratum, and stabilizing the casing. As a result, oil wells have a structure in which multiple casing is 
overlapped in a nested form 

(0009) 

The structure of a typical oil well is shown in Figure 6. Oil well 10 that is illustrated in Figure 6 is equipped 
with conductor pipe 12 that has a maximum external diameter for the purpose of protecting the gallery wall 
in the vicinity of the surface of the earth, surface casing 14 that is sequentially inserted in a nested form into 
conductor pipe 12, intermediate casing 16, and four production casings 1 8 of maximum length that reach 
oil stratum 20. 

(0010) 

However, when burying the next casing (called "inner side casing" hereafter) inside the gallery through the 
hole in the center of the casing that was previously buried (called "outer side casing" hereafter), there are 
cases in which the insertion of the inner side casing becomes difficult because the axis of the inner side 
casing and the axis of the outer side casing shift out of alignment, or the shape of either the inner side 


casing or the outer side casing is irregular. Therefore, it was necessary to make the external diameter of the 
inner side casing approximately 10 - 30% smaller than the internal diameter of the outer side casing to be 
on the safe side. 


(0011) 

Furthermore, the production efficiency of the oil well is dependant on the internal diameter of the 
production casing that reaches the oil stratum. 
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Accordingly, in order to secure prescribed production efficiency, it is necessary not only to give the internal 
diameter of the production casing a prescribed size, but also to enlarge the internal diameter of the casing 
that was previously buried. Therefore, the necessity to enlarge the internal diameter of the gallery that is 
excavated in the vicinity of the surface of the earth arose, and became a factor that increases the cost of oil 
well drilling. 

(0012) 

Thereby, in order to solve this problem, a method was disclosed in Published Japanese Translation of a 
PCT Application H7-507610 that expands the casing in the radial direction with respect to the borehole by 
burying casing made from malleable materials in the borehole that was excavated under the earth, and 
expanding a hydraulic expanding tool within the casing. 

(0013) 

Furthermore, a method was disclosed in International Publication Number WO98/0062 that inserts steel 
pipe made from a malleable type of metal, which generates strain hardening, into either a gallery or casing 
that was previously buried without incidence of necking or ductile fracture, and expands casing using a 
mandrel that has a tapered surface made of a nonmetal material 

(0014) 

Through the methods disclosed in Published Japanese Translation of a PCT Application H7-507610 or 
International Publication Number WO98/0062, it is possible to insert inner side casing that has a relatively 
small external diameter in comparison to the gallery or outer side casing internal diameter, so there is the 
advantage that it is possible to smoothly perform the inner side casing insertion operation. 

(0015) 

Moreover, the expansion of inner side casing that was inserted into a gallery of outer side casing is 
performed using a hydraulic expansion tool or a mandrel, so there is the advantage that nearly the entire 
cross sectional area of the gallery can be used for crude oil transportation. Furthermore, because the 
effective cross sectional area of the gallery becomes large, there is the advantage that it is possible to 
reduce the internal diameter of the gallery to be excavated, and it is thus possible to cut excavation costs. 

(0016) 

Furthermore, as disclosed in Published Japanese Translation of a PCT Application H7-507610, in the case 
in which casing is expanded in the radial direction with respect to the borehole, the casing is maintained by 
the compressive stress received from the borehole wall, so there is the advantage that the cementing 
operation becomes unnecessary. 

(0017) 

(Problems Addressed by the Invention) 

However, the entire length of casing that is used in oil wells reaches several thousand meters, so although 
junctions must necessarily be present, junctions are not taken into consideration in either Published 
Japanese Translation of a PCT Application H7-507610 or International Publication Number WO98/0062. 

(0018) 

For example, in the case in which metal pipes are bonded through welding methods or metallurgical 
bonding methods such as diffusion bonding to form metal pipe joints, heat-affected zones generate at the 
time of bonding in the vicinity of the junctions, so there are cases in which the deformability decreases. 
Therefore, in the case in which the obtained metal pipe joints are expanded as they are using a mandrel, for 
example, there is the problem in which there is a danger that fissures will generate in the junctions. 

(0019) 

Moreover, in the case in which metal pipe is bonded through a threaded connection method to form a metal 
pipe joint and this is expanded with a mandrel, for example, there is the problem that the thread portion 


becomes loose due to plastic-deformation at the time of expansion and the airtightness of the junction 
decreases. 

(0020) 

Furthermore, the threaded connection method normally forms outer thread la and 2b on the ends of metal 
pipes 1 and 2 as shown in Figure 7, and unites metal pipes I and 2 through coupling 7 that has internal 
thread 7a that can screw into this external thread 1 a and 2b. Accordingly, the vicinity of the junction 
becomes more thick-walled than the non-conjugative regions, so in the case in which such a metal pipe 
joint is expanded using a mandrel, for example, there is the problem in which the deformation resistance of 
the junction becomes large and the expansion operation cannot be performed smoothly. 

(0021) 

Moreover, in the case in which a metal pipe joint with length of several thousand meters that has a uniform 
internal diameter is expanded at once using a mandrel, the mandrel constantly receives a reactive force 
from the metal pipe joint at the time of the pipe expansion, so a large motive energy becomes necessary to 
move the mandrel. 

(0022) 

In order to solve this problem, a point is disclosed in International Publication Number WO98/0062, for 
example, in which the frictional force that generates between the mandrel and the casing is reduced by 
constructing the tapered surface of the mandrel with a nonmetal material such as zirconia, but there is no 
change in the fact that the mandrel continuously receives a constant reactive force from the casing during 
pipe expansion, and it is insufficient with respect to motive energy conservation. 

(0023) 

Furthermore, as disclosed in Published Japanese Translation of a PCT Application H7-507610, it is 
possible to conserve motive energy in comparison to the case in which the mandrel is expanded all at once 
by repeating the following process: retain the hydraulic expansion tool in a location within the casing, 
expand the hydraulic expansion tool and expand only the casing that is in that position, and then move it to 
the upper region after contracting the hydraulic tool. However, this results in expanding the casing in a 
multistage manner, so there is the drawback that the operation efficiency is poor. 

(0024) 

Moreover, in the case in which the metal pipe is bonded using a diffusion bonding method, it is typical to 
evenly process only the end face of the metal pipe and use it for bonding without adjusting the periphery 
surface and the wall thickness. However, in industrially mass produced metal pipes, there is a prescribed 
dimensional tolerance, and the external diameters and wall thickness of each metal pipe vary within the 
range of the dimensional tolerance. 

(0025) 

Therefore, in the case in which mass produced metal pipes are used as they are in diffusion bonding, there 
is the danger that level differences will arise in the junctions of the metal pipe joints that are obtained. 
Stress tends to concentrate in level differences that generate in the junctions, so in the case in which such 
metal pipe joints are expanded, there is the danger that fissures will generate from the regions of level 
differences. Furthermore, because the level differences remain in the junctions even after pipe expansion, 
there is the danger that fatigue characteristics and corrosion resistance will diminish due to stress 
concentration or the retention of corrosive substances. However, nothing is disclosed in the aforementioned 
prior art literature regarding specific means to solving such problems. 


(4) 
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(0026) 

A problem addressed by the present invention is to provide a metal pipe joint for pipe expansion and its 
manufacturing method in which (a) fissures do not generate in the junction, even if pipe expansion is 
performed, and (b) there is no reduction in the airtightness of the junction that originates from the loosening 
of thread. 

(0027) 

Furthermore, another problem addressed by the present invention is to provide a metal pipe joint for pipe 
expansion and its rnanufacturing method, in which (a) the deformation resistance at the time of pipe 
expansion is small and (b) motive energy conservation in the pipe expansion operation is possible. 

(0028) 

Furthermore, another problem addressed by the present invention is to provide a metal pipe joint for pipe 
expansion and its manufacturing method, in which (a) the level differences that arise in the junctions are 
small, and (b) is superior with respect to strength, fatigue characteristics, and corrosion resistance. 

(0029) 

(Means for Solving the Problems) 

In order to solve the aforementioned problems, the metal pipe joint for pipe expansion of the present 
invention can be summarized in that it is a metal pipe joint in which multiple metal pipes have been 
bonded, and the internal diameters of the junctions are larger than the internal diameters of the non- 
conjugative regions. 

(0030) 

Specifically, such a metal pipe joint for pipe expansion can be easily manufactured by expanding the 
internal diameter of the vicinity of the end of the metal pipe in advance, and then bonding like metal pipes 
to one another. In this case, it is desirable to expand the internal diameter of the vicinity of the end of the 
metal pipe such that the end diameter expansion rate is greater than 5%. If the end diameter expansion rate 
is less than 5%, then there is the danger that fissures will generate from the junctions when performing pipe 
expansion, so this is undesirable. Moreover, in this case, a diffusion bonding method or an arc welding 
method would be ideal as a bonding method. 

(0031) 

Moreover, a metal pipe joint such as that described above can also be manufactured by expanding the 
internal diameter in the vicinity of the end of the metal pipe, forming thread on the end of the metal pipe, 
and mechanically fastening like metal pipes to one another with the thread. In this case, it is desirable to 
expand the internal diameter of the vicinity of the end of the metal pipe such that the end diameter 
expansion rate is greater than 10%. If the end diameter expansion rate is less than 10%, the thread regions 
plastic-deform and the airtightness of the thread regions decreases, so this is undesirable. 

(0032) 

Furthermore, a metal pipe joint such as that described above can also be manufactured by butting metal 
pipes whose internal diameters in the vicinity of the end have not been expanded, and diffusion bonding 
them under bonding conditions such that the junction vicinity laterally expands. In this case, it is desirable 
to perform diffusion bonding such that the lateral expansion rate in the junction vicinity is greater than 
1.04%. If the lateral expansion rate is less than 1.04%, there is the danger that fissures will generate from 
the junctions when performing pipe expansion, so this is undesirable. 

(0033) 

As for the metal pipe joint for pipe expansion of the present invention that has the configuration described 
above, the internal diameters of the junctions are larger than the internal diameters of the non-conjugative 
regions, so in the case in which such a metal pipe joint for pipe expansion is expanded using a mandrel, for 
example, it is possible to restrain the plastic stress of the junctions such that it is less than the plastic stress 
of the non-conjugative regions. 


(0034) 

Therefore, it becomes difficult for fissures to generate in the junctions due to pipe expansion, even in the 
case in which, for example, when metal pipe whose end internal diameters have been expanded at a 
prescribed end diameter expansion rate are bonded through diffusion bonding or welding methods and the 
obtained metal pipe joint is expanded, heat-affected zones generate in the vicinity of the bonding 
boundaries and the deformability in the vicinity of the bonding boundaries is diminished. 

(0035) 

Moreover, if metal pipes whose end internal diameters have not been expanded are butted, a metal pipe 
joint is formed by plastic-deforming the junction into a barrel shape at a prescribed lateral expansion rate 
with the pressure at the time of diffusion bonding, and this is expanded; then not only is the generation of 
fissures in the junction restrained, but there is also the advantage that the process of expanding the end 
internal diameters of the metal pipes becomes unnecessary. 

(0036) 

Furthermore, in the case in which a metal pipe joint is formed by using a threaded connection method to 
bond metal pipes whose end internal diameters have been expanded at a prescribed end diameter expansion 
rate, if the metal pipe joint is expanded such that the pipe expansion rate is less than the end diameter 
expansion rate, then there is to be no incidence of plastic-deformation of the junction. Therefore, there is no 
decrease in airtightness, which originates from the loosening of thread. 

(0037) 

Moreover, in the metal pipe joint for pipe expansion of the present invention, the internal diameters in the 
junction vicinity are greater than the internal diameters of the non-conjugative regions, so the deformation 
resistance in the junction vicinity becomes small. Therefore, it is possible to perform the pipe expansion 
operation smoothly, and the motive energy in the pipe expansion operation is also conserved. 

(0038) 

Furthermore, in the case in which a metal pipe joint is formed by expanding the ends of the metal pipes at a 
prescribed end diameter expansion rate in advance and bonding the expanded metal pipes, it is possible to 
at least align each of the metal pipes through diameter expansion. Therefore, even in the case in which a 
metal pipe joint is manufactured using metal pipes in which the external diameters or wall thicknesses vary 
within a prescribed dimensional tolerance, it is possible to reduce the level differences that generate on the 
inside surface of the junction, and it becomes possible to obtain a metal pipe junction that is superior with 
respect to strength, fatigue characteristics, and corrosion resistance. 

(0039) 

(Embodiments of the Invention) 

Embodiments of the present invention will be explained in detail below with reference to the drawings. 
Figure 1 is a flow chart that shows manufacturing method (called "method A" hereafter) for the metal pipe 
joint for pipe expansion of the first embodiment of the present invention. In Figure 1, method A comprises 
a diameter expansion process, an end face finishing process, and a diffusion bonding process. 

(0040) 

First, the diameter expansion process will be explained. The diameter expansion process in which only the 
internal diameters of both ends inside cylindrical metal pipe 30 as shown in Figure 1 (a) are enlarged using 
an appropriate industrial tool, and metal pipe 30, in which the internal diameter d| of the end has become 
greater than the internal diameter do in the center, is processed as shown in Figure 1 (b). 

(0041) 

Here, as for the metal pipe 30 that is used in the present invention, there are no particular restrictions 
regarding material quality or dimensions as long as it is of a material that has deformability that can 
withstand the pipe expansion described later. For example, in metal pipe joints that are used in applications 
in which only mechanical characteristics are required, it is possible to use carbon steel for metal pipe 30. 
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Moreover, in applications in which both strength and corrosion resistance of line pipes or oil well pipes are 
required, for example, it is possible to use stainless steels such as martensiric stainless steel, two-phase 
stainless steel, or austenitic stainless steel, or Ti alloy. 

(0042) 

Moreover, in the present invention, the increment of the internal diameter of metal pipe 30 after expansion 
with respect to the minimum value of the internal diameter of each metal pipe 30 prior to expansion is 
called the end diameter expansion rate, and it is defined by the following Formula 1 . 

(0043) 
(Formula 1) 

End diameter expansion rate (%) = (d\ - do min) x 100/do mio> 
Where: 

dp internal diameter of the end of metal pipe 30 after expansion 

do mi,: minimum value of the internal diameter of the end of metal pipe 30 prior to expansion 
(0044) 

In the case of method A, it is desirable for the end diameter expansion rate to be greater than 5%. If the end 
diameter expansion rate is less than 5%, then the necessity to greatly plastic-deform the junctions arises in 
the pipe expansion process explained later, and there is the danger that fissures will generate in the 
junctions, so this is undesirable. Moreover, if the end diameter expansion rate is less than 5%, there are 
cases in which large level differences generate in the junctions due to the dimensional accuracy of each 
metal pipe 30, and the fatigue strength diminishes, so this is also undesirable. 

(0045) 

This is because, if the end diameter expansion rate is less than 5% in the case in which the internal diameter 
of metal pipe 30 varies within a prescribed dimensional tolerance, there is the danger that only metal pipes 
whose internal diameter do prior to expansion is smaller than the internal diameter d t after expansion will 
be expanded, and metal pipes that have internal diameters greater than di will not be expanded. 

(0046) 

Also, as the minimum value do ^ of the internal diameter that is used to calculate the end diameter 
expansion rate, from the perspective of allowing for safety it is desirable to use the minimum value 
anticipated from the specifications of the metal pipe used in bonding, but it would also be acceptable to use 
an actual measurement 

(0047) 

Moreover, from the perspective of reducing plastic-deformation in the junctions and restraining the 
generation of fissures, the larger the end diameter expansion rate is the better. Therefore, in accordance 
with the simplicity of the processing of metal pipe 30 and the applications of the metal pipe joint that is 
obtained, diameter expansion should be performed with the ideal end diameter expansion rate within a 
range below the pipe expansion rate described later. 

(0048) 

Moreover, the length (called "diameter expansion length" hereafter, represented by "L," within Figure 1 
(b)) of the portion in which the internal diameter was enlarged through diameter expansion may be 
arbitrarily chosen with consideration on the simplicity of processing of metal pipe 30 and the applications, 
but from the perspective of reducing deformation resistance in the pipe expansion process described later 
and conserving motive energy in the pipe expansion operation, the longer it is the better. 

(0049) 

Furthermore, there are no particular restrictions on the diameter expansion method either, and it is possible 
to use various methods. Normally, a mandrel or a plug that has an external diameter corresponding to d, 


that is expressed in Formula 1 should be inserted into the end of metal pipe 30 up to a prescribed length, 
and the end internal diameter should then be expanded. 

(0050) 

Next, the end face finishing process will be explained. The end face finishing process is a process in which, 
as shown in Figure 1 (c), the end face of metal tube 30, whose end internal diameter was expanded through 
the diameter expansion process, is machine finished to a prescribed surface roughness. This is because, if 
the surface texture of the end face of metal pipe 30 is rough, then the bonding boundaries will not 
sufficiently adhere and high bond strength will not be obtained in the diffusion bonding process described 
later. 

(0051) 

Also, there are no particular restrictions regarding the end surface finishing method, and various methods 
such as grinding or lapping can be used. Moreover, in the case in which the surface roughness of the end 
face of metal pipe 30 is held within a prescribed range even after diameter expansion, the end face finishing 
process is not absolutely necessary, and it can be omitted. 

(0052) 

Next, the diffusion bonding process will be explained. The diffusion bonding process is a process in which 
metal pipes 30, whose end internal diameters were expanded in the diameter expansion process and whose 
end faces were finished to a prescribed surface roughness in the end face firushing process, are butted and 
like metal pipes 30 are diffusion bonded to one another. 

(0053) 

Here, as for the diffusion bonding method, there is (a) solid phase diffusion bonding that directly butts 
metal pipes 30 and diffuses elements while maintaining them in the solid phase, and (b) liquid phase 
diffusion bonding that places an insert material onto the bonding boundary and diffuses elements while 
temporarily melting the insert material, and either method may be used. 

(0054) 

In particular, with liquid phase diffusion bonding, joints that have strength that is equivalent to that of the 
parent material can be obtained in a short period of time in comparison to solid phase diffusion bonding, so 
it is ideal as a bonding method. One example of metal pipe joint 32 that is bonded through liquid phase 
diffusion bonding by placing insert material 36 on the bonding boundary of metal pipes 30 and 30 is shown 
in Figure 1 (d). 

(0055) 

Moreover, as for the conditions for diffusion bonding, an ideal range should be chosen according to the 
material of the metal pipe 30 that is used. Specifically, it should be performed under the following 
conditions. 

(0056) 

First, it is preferable for the surface roughness Rmax of the bonding surface to be less than 50 /<m. If the 
surface roughness Rmax of the bonding surface exceeds 50/rni, like metal pipes 30 will not sufficiently 
adhere at the bonding surface and high bonding strength will not be obtained, so this is not desirable. From 
the perspective of obtaining high bonding strength, the smaller the surface roughness Rmax is the better. 

(0057) 

Moreover, as for the insert material 36 that is used, a Ni-family alloy or Fe-family alloy that has a melting 
point that is less than 1200°C is ideal. If the melting point of insert material 36 exceeds 1200°C, a high 
bonding temperature will become necessary, which is undesirable because the parent material will be 
melted during bonding, or unbonded portions will generate because insert material 36 is not melted. 


(0058) 


Furthermore, the thickness of the insert material 36 that is used is preferably less than 100 ptm. If the 
thickness of the insert material 36 exceeds 100 fim, the diffusion of elements at the bonding boundary will 
not be sufficiently performed and the bonding strength will dirninish, so this is undesirable. 

(0059) 

Also, there are no particular restrictions regarding the shape of insert material 36, 


(6) 
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and an insert material 36 made of foil with thickness less than 100 i*m may be placed on the bonding 
boundary. Alternatively, it would also be acceptable to disseminate a powder or squamation insert material 
36 on the bonding boundary, or to make it into a paste and apply it to the bonding boundary in order to 
bring the thickness to less than 100 fum. 

(0060) 

A non-oxidizing atmosphere is preferable for the bonding atmosphere. If bonding is conducted under an 
oxidizing atmosphere, the bonding boundary vicinity will oxidize and the bonding strength will diminish, 
so this is undesirable. 

(0061) 

It is ideal for the bonding temperature to be within a range that is greater than 1250°C and less than 
1400°C. If the bonding temperature is less than 1250°C, portions of insert material 36 will not melt, or the 
diffusion of elements will not be conducted sufficiently, causing the bonding strength to diminish, so this is 
undesirable. Moreover, if the bonding temperature is greater than I400 D C, there is the danger that the 
parent material will melt, so this is not desirable. 

(0062) 

It is ideal for the retention time of the bonding temperature to be greater than 30 seconds and less than 300 
seconds. If the retention time is less than 30 seconds, the diffusion of elements on the bonding boundary 
will become insufficient and the bonding strength will diminish, so this is undesirable. Moreover, the 
operation efficiency will diminish if the retention time is greater than 300 seconds, so this is also 
undesirable. 

(0063) 

Furthermore, it is ideal for the pressure that is applied to the bonding boundary to be greater than 1 .5 MPa 
and less than 5 MPa. If the applied pressure is less than 1 .5 MPa, the adherence of the bonding boundary 
will become insufficient and the bonding strength will diminish, so this is undesirable. 

(0064) 

Moreover, in method A, pipe expansion of the metal pipe joint is performed in the pipe expansion process 
described later after the metal pipes are bonded, so it would be acceptable for the junction vicinity to 
slightly deform after bonding. However, if the sum of the increment of the internal diameter in the diameter 
expansion process and the increment of the internal diameter that originates from deformation at the time of 
bonding exceeds the pipe expansion rate in the pipe expansion process described later, then irregularities 
will remain in the vicinity of the bonding boundary even after pipe expansion, which becomes a cause for 
the reduction of bonding strength. Accordingly, in method A, it is ideal to configure the applied pressure to 
less than 5 MPa such that the junction vicinity does not excessively deform. 

(0065) 

Moreover, as a heating method when performing diffusion bonding, it is possible to use various methods 
such as high frequency induction heating, high frequency direct conduction heating, or resistance heating. 
Among these, with high frequency induction heating and high frequency direct conduction heating, it is 
possible to easily heat even with a relatively large material to be bonded, the heating efficiency is high, and 
it is possible to heat to the bonding temperature in an extremely short amount of time, so they are 
particularly suitable as heating methods. 

(0066) 

However, as for the high frequency current that is used in high frequency induction heating or high 
frequency direct conduction heating, it is ideal to use a current that has frequency less than 100 kHz. If the 
frequency exceeds 100 kHz, only the surface will be heated due to the skin effect and the entire bonding 
surface will not be heated uniformly, so this is undesirable. 


(0067) 


Next, the pipe expansion process for the metal pipe joint for pipe expansion that was obtained in this way 
will be explained. The pipe expansion process is a process in which pipe expansion is performed on the 
metal pipe joint 32 that was manufactured in the diameter expansion process, end face finishing process, 
and the diffusion bonding process described above, and the internal diameter of metal pipe joint 32 is set to 
a uniform size. 

(0068) 

Specifically, mandrel 34 is inserted as shown in Figure 2 (a) from one end of metal pipe joint 32 whose 
internal diameters of the junctions and non-conjugative regions are respectively dj and do, mandrel 34 is 
moved towards the other end of metal pipe joint 32 as shown in Figure 2 (b), and the internal diameter of 
metal pipe joint 32 is enlarged to d 2 . In the present invention, the increment of the internal diameter after 
pipe expansion with respect to the minimum value of the internal diameter of the non-conjugative regions 
prior to pipe expansion is called the pipe expansion rate, and it is defined by the following Formula 2. 

(0069) 
(Formula 2) 

Pipe expansion rate (%) = (d 2 - do min) * 100/do mm 
Where: 

d 2 : internal diameters of the non-conjugative regions after pipe expansion 

do min- minimum value of the internal diameters of the non-conjugative regions prior to pipe expansion 
(0070) 

Also, in the case of method A, the pipe expansion rate may be arbitrarily chosen with consideration on the 
deformability of metal pipe 30 and the application of metal pipe joint 32. Moreover, if the bonding 
conditions are appropriate, it is possible to highly maintain the deformability of the junction vicinity, so it is 
also possible to expand with a pipe expansion rate that is larger than the end diameter expansion rate. 
Furthermore, it would be acceptable to use the rninimum expected value from the specifications as the 
minimum value do mm of the internal diameter of the non-conjugative regions prior to pipe expansion, and 
the fact that an actual measurement may also be used is the same as for Formula 1. 

(0071) 

Next, the effects of method A will be explained. If the diameters of the ends of metal pipes 30 (Figure 1 
(a)) that have prescribed length and internal diameter are expanded with a prescribed end diameter 
expansion rate and a prescribed diameter expansion length L| (Figure 1 (b)), and like metal pipes 30 are 
diffusion bonded to one another after the end faces are machine finished to a prescribed surface roughness 
(Figure 1 (c)), then it is possible to obtain metal pipe joint 32 in which the internal diameters d| of the 
junctions have become larger than the internal diameters do of the non-conjugative regions as shown in 
Figure 1 (d). 

(0072) 

If mandrel 34 is inserted into one end of such a metal pipe joint 32 and mandrel 34 is moved towards the 
other end, then the internal diameter of metal pipe joint 32 enlarges, and it is possible to obtain metal pipe 
joint 32 that has a constant internal diameter d 2 as shown in Figure 2 (b). 

(0073) 

At this time, the internal diameter di of the junction prior to pipe expansion has become greater than the 
internal diameters do of the non-conjugative regions, so the plastic stress of the junction at the time of pipe 
expansion becomes smaller than the plastic stress of the non-conjugative regions. Therefore, it becomes 
difficult for fissures to generate in the junction due to pipe expansion, even in the case in which heat- 
affected zones generate at the time of diffusion bonding and the deformability of the junction diminishes. 

(0074) 

Moreover, because the internal diameter d t of the junction is larger than the internal diameter do of non- 
conjugative regions, the deformation resistance in the junction vicinity becomes small. The quantity of 
diminution becomes larger as the internal diameter dj of the junction becomes larger or the diameter 
expansion length L, becomes longer. Therefore, the sum of the frictional resistance that mandrel 34 


receives at the time of pipe expansion becomes small in comparison to the case in which a metal pipe joint 
that has a uniform internal diameter is expanded, and motive energy is conserved in the pipe expansion 
operation. 
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(0075) 

Furthermore, even in the case in which the exterior diameters and wall thicknesses of each metal pipe 30 
vary within the dimensional tolerance, if the internal diameters in the end vicinity of metal pipes 30 are 
expanded and they are bonded after the internal diameters of ail of the metal pipes 30 are aligned, then it is 
possible to reduce the level differences that generate on the inner periphery side of the junction of metal 
pipe joint 32. Therefore, with such a metal pipe joint 32, the danger that fissures that originate from level 
differences in the junction will generate is small, even if pipe expansion is performed Moreover, stress 
concentration and the retention of corrosive substances become unlikely, so the strength, fatigue 
characteristics, and corrosion resistance of metal pipe joint 32 that was expanded will not diminish. 

(0076) 

Also, a diffusion bonding method is used as the bonding method in method A described above, but it would 
also be acceptable to use an arc welding method, and through this it would be possible to obtain the same 
results (called "method A M ' hereafter). In this case, the internal diameters of the end vicinity of metal pipes 
30 are expanded with a prescribed end diameter expansion rate in the diameter expansion process, grooves 
are formed on metal pipes 30 in the end face finishing process, and these are butted and molten metal is 
clad in the grooves. 

(0077) 

Next, the manufacturing method of the metal pipe joint for pipe expansion of the second embodiment of the 
present invention will be explained. Figure 3 is a flow chart that shows the manufacturing method (called 
"method B" hereafter) of the metal pipe joint for pipe expansion of the second embodiment of the present 
invention. In Figure 3, method B comprises a diameter expansion process, a thread working process, and a 
fastening process. 

(0078) 

The diameter expansion process is a process in which, in the same manner as method A explained above, 
* by enlarging only the internal diameter of the end vicinity within cylindrical metal pipe 40 as shown in 
Figure 3 (a) using an appropriate industrial tool, the metal pipe 40, in which the internal diameter of the end 
vicinity has been expanded at a prescribed end diameter expansion rate, is processed as shown in Figure 3 
(b). 

(0079) 

However, in the case of method B, it is desirable for the end diameter expansion rate to be greater than 
10%. If the end diameter expansion rate is less than 10%, the necessity to greatly plastic-deform the 
junctions in the pipe expansion process described later will arise, and if junctions that have been fastened 
through threaded connection methods are plastic-deformed, the thread will become loose and the 
airtightness will diminish, so this is undesirable. 

(0080) 

Also, (a) the fact that any material that has deformability that can withstand the pipe expansion can be used 
for metal pipe 40, (b) the fact that the expansion length L x can be arbitrarily chosen with consideration on 
simplicity of processing of metal pipe 40, and (c) the fact that various methods can be used for the diameter 
expansion method are all the same as method A described above. 

(0081) 

Next, in the thread working process, external thread 40a is formed on the end of metal pipe 40 whose end 
internal diameter was expanded in the diameter expansion process, as shown in Figure 3 (c). Also, in the 
case of threaded connection methods, the load that can support the junctions is dependant upon the length 
L 2 of the thread, so it is possible to arbitrarily establish thread length L 2 according to the characteristics 
required by metal pipe joint 42. 


(0082) 


Next, the fastening process is a process in which like metal pipes 40, whose end internal diameters were 
expanded in the diameter expansion process and external thread 40a was established on the ends in the 
thread working process, are fastened to one another using coupling 44. Internal thread 44a that can screw 
into external thread 40a that was formed on metal pipes 40 is formed on coupling 44. Metal pipe joint 42 
that was obtained in this way is shown in Figure 3 (d). 

(0083) 

The manufactured metal pipe joint 42 is expanded in the same manner as with metal pipe joint 32 that was 
obtained through method A, and the internal diameter of metal pipe joint 42 is enlarged to the uniform size 
d 2 . Specifically, mandrel 34 is inserted from one end of metal pipe joint 42 as shown in Figure 4 (a), and 
the internal diameter of metal pipe joint 42 is expanded with a prescribed pipe expansion rate by moving 
mandrel 34 towards the other end of metal pipe joint 42, as shown in Figure 4 (b). 

(0084) 

Here, in the case of method B, it is desirable to perform the pipe expansion of metal pipe joint 42 with a 
pipe expansion rate that is less than the end diameter expansion rate of metal pipe 40. If the pipe expansion 
rate exceeds the end diameter expansion rate, there is the danger that the junction will plastic-deform and 
the threads will become loose at the time of pipe expansion, so this is undesirable. Moreover, the junction 
vicinity is thick-walled because there is the coupling 44. Therefore, expanding pipe with a pipe expansion 
rate that exceeds the end diameter expansion rate invites the increase of deformation resistance and a 
smooth pipe expansion operation becomes difficult, so this is undesirable. 

(0085) 

Next, the effects of method B will be explained. If the internal diameters of the end vicinity of metal pipes 
40 are expanded in advance such that the end diameter expansion rate is greater than 10%, and like metal 
pipes 40 are bonded to one another through a threaded connection method, then it is possible to easily 
obtain metal pipe joint 42 in which the internal diameter di of the junction has become larger than the 
internal diameter do of the non-conjugative regions. 

(0086) 

If metal pipe joint 42 that was obtained in this way is expanded using a mandrel, for example, the 
deformation resistance of the junction vicinity becomes small in the same manner as with method A. 
Therefore, motive energy in the pipe expansion operation can be conserved in comparison to the case in 
which a metal pipe joint that has a uniform internal diameter is expanded In addition, pipe expansion is 
performed with a pipe expansion rate that is less than the end diameter expansion rate, so the problem that 
is specific to threaded connection methods - the decrease of airughtness that originates in the thread 
plastic-deformation - is solved. 

(0087) 

Next, the manufacturing method of a metal pipe joint for pipe expansion of the third embodiment of the 
present invention will be explained. Figure 5 (a) - (c) is a flow chart that shows the iTianufacturing method 
of a metal pipe joint for pipe expansion of the third embodiment of the present invention (called "method 
C" hereafter). 

(0088) 

In the case of method C, the fact that any material that has deformability that can withstand the pipe 
expansion can be used for metal pipe 50 is the same as with method A. However, it differs from method A 
in that the ends of cylindrical metal pipes 50 are not expanded, but rather diffusion bonding is performed as 
they are, and the junction vicinity is deformed into a barrel shape at the time of diffusion bonding. 

(0089) 

Stated simply, the diameter of the end of cylindrical metal pipe 50 such as that shown in Figure 5 (a) is not 
expanded, 


(8) Japanese Unexamined Patent Application 2000- 1 07870 

but instead they are butted and pressurized as they are (Figure 5 (b)), and the junction vicinity is heated 
through heat source 54, Also, as for the bonding method, a liquid phase diffusion bonding method that 
performs bonding by placing insert material 36 on the bonding boundary as shown in Figure 5 (b) may be 
used, or a solid phase diffusion bonding method that does not use insert material 36 may also be used. 

(0090) 

At this time, if the bonding conditions are appropriate, the bonding boundary vicinity is deformed into a 
barrel shape at the same time that diffusion bonding progresses on the bonding boundary, and it is possible 
to obtain metal pipe joint 52 in which the internal diameter dp] of the junction has become larger than the 
internal diameter do of the non-conjugative regions as in Figure 5 (c). In the present invention, the 
increment of the internal diameter of the junction after diffusion bonding with respect to the minimum 
value of the internal diameter of the non-conjugative regions of the metal pipe is called the lateral 
expansion rate, and it is defined by the following Formula 3. 

(0091) 
(Formula 3) 

Lateral expansion rate = d^do mb 
Where: 

D 3 : Internal diameter of the junction 

do Minimum value of the internal diameter of the non-conjugative regions 
(0092) 

In the case of method C, it is desirable for the lateral expansion rate to be greater than 1.04. If the lateral 
expansion rate is less than 1.04, there is the danger that the necessity to greatly plastic-deform the junction 
will arise in the pipe expansion process described later and fissures will generate in the junction, so this is 
undesirable. 

(0093) 

Also, it would be acceptable to use the minimum expected value from the specifications as the minimum 
value do mm of the internal diameter of the non-conjugative regions, and the fact that an actual measurement 
may also be used is the same as for Formula 1 . Moreover, from the perspective reducing the plastic stress 
of the junction at the time of pipe expansion and restricting the generation of fissures, the larger the lateral 
expansion rate is the better. Furthermore, from the perspective of making the deformation resistance small 
in the pipe expansion process, the longer the length (called the "expansion length" hereafter, expressed by 
"L 3 " within Figure 5 (c)) of the portion whose internal diameter was increased through diffusion bonding is 
the better. 

(0094) 

Moreover, in the case of method C, it is necessary to actively plastic-deform the bonding boundary vicinity 
at the time of diffusion bonding, so with regard to the diffusion bonding conditions, it is necessary to select 
conditions obtained from the required lateral expansion rate, for example. Specifically, bonding should be 
performed under the following conditions. 

(0095) 

Simply stated, it is ideal for the bonding temperature to be within a range that is greater than 1250°C and 
less than 1400°C. If the bonding temperature is less than 1250°C, portions of insert material 36 will not 
melt, or the diffusion of elements will not be conducted sufficiently, causing the bonding strength to 
diminish. Moreover, if the bonding temperature is too low, the deformation resistance of metal pipe 50 will 
become large and the prescribed lateral expansion rate will not be obtained, so this is undesirable. 
Furthermore, if the bonding temperature is greater than 1400°C, there is the danger that the parent material 
will melt, so this is also undesirable. 


(0096) 


It is ideal for the retention time of the bonding temperature to be greater than 60 seconds. If the retention 
time is less than 60 seconds, it will not be possible to obtain a large lateral expansion rate, so this is 
undesirable. Also, from the perspective of making the lateral expansion rate large, the longer the retention 
time is the better, so the retention time should be adjusted such that the prescribed lateral expansion rate is 
obtained. 

(0097) 

Moreover, it is ideal for the pressure that is applied to the bonding boundary to be greater than 2 MPa. If 
the applied pressure is less than 2 MPa, it will not be possible to obtain a large lateral expansion rate, so 
this is undesirable. Also, in the case of method C, from the perspective of making the lateral expansion rate 
large, the greater the applied pressure is the better, and it may even be greater than 5 MPa. However, if the 
lateral expansion rate exceeds the pipe expansion rate, irregularities will remain in the bonding boundary 
vicinity even after pipe expansion, and the bonding strength will diminish. Accordingly, it is desirable to 
adjust the applied pressure such that the lateral expansion rate is less than the pipe expansion rate. 

(0098) 

Furthermore, it is desirable for the heating width of the junction vicinity to be greater than 20 mm. If the 
heating width is less than 20 mm, the lateral expansion rate will become small and the expansion length L 3 
will become short, so this is undesirable. From the perspective of making the deformation resistance at the 
time of pipe expansion small, the larger the lateral expansion rate and the longer the expansion length L 3 is 
the better, and therefore, it is better for the heating width to be long. 

(0099) 

Also, (a) the fact that it is desirable for the surface roughness Rmax of the bonding surface to be less than 
50 pan, (b) the fact that a Ni-family alloy or an Fe-family alloy of thickness less than 100 pirn whose melting 
point is less than 1200°C is preferable, and (c) the fact that there are no particular restrictions with regard to 
the shaped of insert material, and it is possible to use a foil, a powder, or a squamation insert material are 
all the same as with method A. 

(0100) 

Moreover, (a) the fact that a non-oxidizing atmosphere is preferable for the bonding atmosphere, and (b) 
the fact that high frequency induction heating or high frequency direct conduction heating that uses a high 
frequency current with a frequency less than 100 kHz is preferable for the heat source when performing 
diffusion bonding are also both the same as with method A. 

(0101) 

Next, pipe expansion is performed on metal pipe joint 52 that was manufactured as described above and 
has a prescribed lateral expansion rate. Specifically, mandrel 34 is inserted from one end of metal pipe joint 
52 as shown in Figure 5 (d), and mandrel 34 is then moved towards the other end of metal pipe joint 52. 

(0102) 

Also, (a) the fact that the pipe expansion rate may be arbitrarily chosen with consideration upon the 
deformability of metal pipe 50 and the application of metal pipe joint 52, and (b) the fact that it is possible 
to highly maintain the deformability of the junction vicinity if the bonding conditions are appropriate, so it 
is possible to perform pipe expansion with a pipe expansion rate that is greater than the end diameter 
expansion rate are both the same as with method A. 

(0103) 

Next, the effects of method C will be explained. If metal pipes 50 whose end internal diameters have not 
been expanded are butted, and the junction vicinity is actively plastic-deformed while like metal pipes 50 
are diffusion bonded to one another, then it is possible to easily obtain metal pipe joint 52 in which the 
internal diameter d 3 of the junction has become larger than the internal diameter do of the non-conjugative 
regions. 


(0104) 


If a metal pipe joint 52 that was obtained in this way is expanded using a mandrel for example, the 
deformation resistance of the junction vicinity becomes small in the same manner as with method A. 
Therefore, in comparison to the case in which a metal pipe joint that has a uniform internal diameter is 
expanded, 
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it is possible to perform the pipe expansion operation smoothly, and it is also possible to conserve motive 
energy in the pipe expansion operation. 

(0105) 

Moreover, because the internal diameter of the junction has become larger, it is possible to reduce the 
plastic stress of the junction at the time of pipe expansion. Therefore, as with method A, even in the case in 
which heat-affected regions generate in the junction vicinity and the deformability is diminished, the 
generation of fissures in the junction due to pipe expansion becomes unlikely, and it is possible to obtain a 
metal pipe joint that is superior with respect to strength and airtightness. 

(0106) 

(Embodiment 1) 

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from 
American Petroleum Institution Grade H40 (this is notated as "API H40" hereafter) with an external 
diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for the metal pipe, and the 
end internal diameter of this steel pipe was expanded such that the end diameter expansion rate was 5%. 

(0107) 

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less 
than 30 /mi, a Ni-family alloy foil with melting point of lOSO^C and thickness of 50 //m that has a 
composition equivalent to JIS BNi-3 was placed on the bonding boundary of the metal pipe, and liquid 
phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was expanded using a 
mandrel such that the pipe expansion rate was 25%. 

(0108) 

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the 
bonding temperature was 1300°C, the retention time was 180 seconds, and the applied pressure was 4 MPa, 
and bonding was performed in an Ar atmosphere. 

(0109) 

(Embodiments 2-3, Comparative Examples 1 , 2) 

Apart from respectively setting the end diameter expansion rates of metal pipes 30 to 0% (Comparative 
Example 1), 3% (Comparative Example 2), 20% (Embodiment 2), and 25% (Embodiment 3), the 
manufacturing and expansion of the metal pipe joints were performed in accordance with the same 
procedures as with Embodiment 1 . 

(0110) 

With respect to the metal pipe joints that were obtained in Embodiments 1 - 3 and Comparative Examples 1 
- 2, the maximum value of tie level differences that generated on the inner periphery side of the junctions 
after bonding (this is simply called the "maximum level difference" hereafter) was measured. Moreover, a 
penetrant test was performed with respect to the junction surface after pipe expansion, and the presence of 
cracks was investigated. Furthermore, after the level differences alone that generated on the external 
periphery of the expanded joint were grinded with a grinder and set to less than 0.5 mm, an API 1 104 
specimen was extracted from this joint and tensile tests were conducted. The results are shown in Table 1 . 


(0111) 
(Table 1) 
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(0112) 

In Comparative Example 1 in which the end diameter expansion rate was taken to be 0%, the maximum 
level difference reached 4 mm. Moreover, multiple fissures were recognized in the penetrant test after pipe 
expansion. Furthermore, the tensile strength exhibited low strength of 283 MPa, and the specimen broke 
away from the bonding boundary. 

(0113) 

In Comparative Example 2 in which the end diameter expansion rate was taken to be 3%, the maximum 
level difference fell to 1 mm Moreover, significant fissures were recognized in the junction in the 
penetrant test after pipe expansion, but the number of fissures was less than in Comparative Example 1. 


Accordingly, the tensile strength improved to 467 MPa, but the specimen broke away from the bonding 
boundary. 

(0114) 

In contrast to this, in Embodiments 1, 2, and 3 in which the end diameter expansion rates were respectively 
taken to be 5%, 20%, and 25%, the maximum level differences all fell to 0.5 mm. Moreover, no fissures 
were recognized on the bonding boundary in the penetrant tests following pipe expansion in any of the 
embodiments. Furthermore, the bonding strengths all exhibited strengths greater than 700 MPa, which is 
equivalent to that of the parent material, and the specimens broke away from the parent material side. 

(0115) 

From the above results, it became clear that if the end internal diameter of the metal pipe is expanded 
before the metal pipes are bonded such that a value greater than the prescribed end diameter expansion rate 
is achieved, it is possible to make the maximum level difference small. Moreover, it became clear that the 
greater the end diameter expansion rate is made, the more difficult it will be for fissures to generate in the 
junction at the time of pipe expansion, and a metal pipe joint with higher bonding strength can be obtained. 

(0116) 

(Embodiment 4) 

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from API 
H40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for 
the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 1 5%. 


(11) Japanese Unexamined Patent Application 2000- 1 07870 

(0117) 

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less 
than 30 //m, an Fe-3B-3Si-lC alloy foil with melting point of 1200°C and thickness of 40 fim was placed 
on the bonding boundary of the metal pipe, and liquid phase diffusion bonding was performed. 
Furthermore, the obtained metal pipe joint was expanded using a mandrel such that the pipe expansion rate 
was 25%. 

(0118) 

Also, a high frequency induction hearing method that uses a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the 
bonding temperature was 1250°C, the retention time was 60 seconds, and the applied pressure was 4 MPa, 
and bonding was performed in an Ar atmosphere. 

(0119) 

(Embodiment 5) 

A Ni-family alloy foil with a melting point of 1 140°C and thickness of 40 /mi that has a composition 
equivalent to JIS BNi-5 was used as an insert material, and apart from retaining for 120 seconds at 1300°C, 
the manufacturing and expansion of the metal pipe joint were performed in accordance with the same 
procedures as with Embodiment 4. 

(0120) 

(Embodiment 6) 

A Ni-family alloy foil with a melting point of 1 140°C and thickness of 40 /on that has a composition 
equivalent to JIS BNi-5 was used as an insert material, and apart from setting the bonding temperature to 
1400°C and the retention time to 300 seconds, the manufacturing and expansion of the metal pipe joint 
were performed in accordance with the same procedures as with Embodiment 4. 

(0121) 

(Comparative Example 3) 

An Fe-2B-lSi alloy foil with a melting point of 1290°C and thickness of 40 //m was used as an insert 
material, and apart from setting the bonding temperature to 1400°C, the retention time to 300 seconds, and 
the applied pressure to 5 MPa, the manufacturing and expansion of the metal pipe joint were performed in 
accordance with the same procedures as with Embodiment 4. 

(0122) 

With respect to the metal pipe joints that were obtained in Embodiments 4-6 and Comparative Example 3, 
maximum level difference tests, penetrant tests, and tensile tests were conducted in accordance with the 
same procedures as with Embodiment 1 . The results are shown in Table 2. 


(0123) 
(Table 2) 
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(0124) 

In Comparative Example 3 in which an insert material with a melting point of 1290°C was used, although 
the retention time was taken to be 300 seconds, fissures were recognized in the junction in the penetrant test 
following pipe expansion. Moreover, the tensile strength was 417 MPa and the specimen broke away from 
the bonding boundary. This is thought to have been because the diffusion of elements is not sufficiently 
performed on the bonding boundary because the melting point of the insert material is high, and thus the 
deformability of the bonding boundary vicinity is diminished. 


(0125) 


In contrast to this, in Embodiment 4 in which an insert material with a melting point of I200°C was used, 
and in Embodiments 5 and 6 in which an insert material with a melting point of 1 140°C was used, no 
fissures were recognized on the bonding boundary in the penetrant test following pipe expansion for any of 
the embodiments. Moreover, the bonding strengths all exhibited strengths greater than 700 MPa, which is 
equivalent to that of the parent material, and the specimens broke away from the parent material side. 

(0126) 

Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 3-6 
and Comparative Example 3, so all of the maximum level differences were 0.5 mm 

(0127) 

From the above results, it became clear that if an insert material with a melting point that is less than 
1200°C is used in the case in which metal pipes are liquid phase diffusion bonded, then fissures will not 
generate on the junction following pipe expansion and metal pipe joints with high bond strength can be 
obtained. 

(0128) 

(Embodiment 7) 

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from API 
H40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for 
the metal pipe, 
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and the end internal diameter of this steel pipe was expanded such that the end diameter expansion rate was 
15%. 

(0129) 

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less 
than 30 pim, a squamation Ni-family alloy with a melting point of 1 140°C that has a composition equivalent 
to JIS BNi-5 was placed on the bonding boundary of the metal pipe such that the thickness was 100/nn, 
and liquid phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was 
expanded using a mandrel such that the pipe expansion rate was 25%. 

(0130) 

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the 
bonding temperature was 1300°C, the retention time was 180 seconds, and the applied pressure was 4 MPa, 
and bonding was performed in an Ar atmosphere. 

(0131) 

(Embodiment 8) 

A Ni-family alloy powder that has a composition equivalent to JIS BNi-5 was used as an insert material, 
and this was placed on the bonding boundary of the metal pipe such that the thickness was 30 /mx Apart 
from retaining for 60 seconds at the bonding temperature, the manufacturing and expansion of the metal 
pipe joint were performed in accordance with the same procedures as with Embodiment 7. 

(0132) 

(Embodiment 9) 

A Ni-family alloy foil with thickness of 40 //m that has a composition equivalent to JIS BNi-5 was used as 
an insert material, and apart from setting the bonding temperature to 1 250°C and the retention time to 60 
seconds, the manufacturing and expansion of the metal pipe joint were performed in accordance with the 
same procedures as with Embodiment 7. 

(0133) 

(Comparative Example 4) 

A Ni-family alloy foil with thickness of 200 //m that has a composition equivalent to JIS BNi-5 was used as 
an insert material, and apart from setting the bonding temperature to 1400°C and the retention time to 300 
seconds, the manufacturing and expansion of the metal pipe joint were performed in accordance with the 
same procedures as with Embodiment 7. 

(0134) 

(Comparative Example 5) 

A Ni-family alloy foil with thickness of 40 //m that has a composition equivalent to JIS BNi-5 was used as 
an insert material, and apart from setting the bonding temperature to 1450°C and the retention time to 60 
seconds, the manufecturing and expansion of the metal pipe joint were performed in accordance with the 
same procedures as with Embodiment 7. 

(0135) 

With respect to the metal pipe joints that were obtained in Embodiments 7-9 and Comparative Examples 4 
- 5, maximum level difference tests, penetrant tests, and tensile tests were conducted in accordance with the 
same procedures as with Embodiment 1 . The results are shown in Table 3. 


(0136) 
(Table 3) 
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Test Number 

Comparative 
Example 4 

Embodiment 
7 

Embodiment 
8 

Embodiment 
9 
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{pm) 
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Foil 
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Heating Method for the 
Junction 
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111U 1U11 
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Heating 
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(3 kHz) 
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Induction 
Heating 
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(3 kHz) 
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Heating 
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(3 kHz) 

Maximum Level Difference of 
the Junction (mm) 






Pipe Expansion Rate (%) 






Results of Junction Surface 
Penetrant Test 

Cracks 
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No Cracks 

No Cracks 

No Cracks 

Cracks 
Present 

Tensile Test 
Results 

Tensile 
Strength 
(MPa) 






Break 
Location 

Bonding 
Boundary 

Parent 
Material 

Parent 
Material 

Parent 
Material 

Bonding 
Boundary 

Comprehensive Evaluation 







(0137) 

In Comparative Example 4 in which the thickness of the insert material was taken as 200 /im, although the 
retention time was taken to be 300 seconds, fissures were recognized in the junction in the penetrant test 
following pipe expansion. Moreover, the tensile strength was 588 MPa, and the specimen broke away from 
the bonding boundary. This is thought to have been because the elements contained in the insert material 
were not sufficiently diffused because the insert material was thick, and thus the deforrnability of the 
bonding boundary vicinity was diminished. 


(0138) 


Moreover, in Comparative Example 5 in which the bonding temperature was taken as 1450°C, melting 
damage occurred in the junction vicinity. Also, fissures were recognized in the junction in the penetrant test 
fallowing pipe expansion. Furthermore, the tensile strength was 657 MPa, and the specimen broke away 
from the bonding boundary. 

(0139) 

In contrast to this, in Embodiments 7, 8, and 9 in which the thickness of the insert material was set below 
100 //m and the bonding temperature was set below 1400°C, no melting damage was recognized in any of 
the junctions, and no fissures were recognized on the bonding boundary in the penetrant test following pipe 
expansion for any of the embodiments. Moreover, the bonding strengths all exhibited strengths greater than 
700 MPa, which is equivalent to that of the parent material, and the specimens broke away from the parent 
material side. 

(0140) 

Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 7-9 
and Comparative Examples 4 - 5, so all of the maximum level differences were 0.5 mm. 

(0141) 

From the above results, it became clear that if the width of the insert material is set to 100 fim in the case in 
which metal pipes are liquid phase diffusion bonded, then fissures will not generate on the junction 
following pipe expansion and metal pipe joints with high bond strength can be obtained. Moreover, it also 
became clear that it is necessary to set the bonding temperature to less than 1400°C in order to suppress 
melting damage of the junction. 
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(0142) 

(Embodiment 10) 

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from API 
H40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for 
the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 1 5%. 

(0143) 

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less 
man 30 //m, a Ni-family alloy foil with a melting point of 1 140°C and thickness of 40 /mi that has a 
composition equivalent to JIS BNi-5 was placed on the bonding boundary of the metal pipe, and liquid 
phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was expanded using a 
mandrel such that the pipe expansion rate was 25%. 

(0144) 

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the 
bonding temperature was 1400°C, the retention time was 30 seconds, and the applied pressure was 5 MPa, 
and bonding was performed in an Ar atmosphere. 

(0145) 

(Embodiment 11) 

Apart from setting the retention time at the bonding temperature to 300 seconds and the applied pressure to 
1.5 MPa, the manufacturing and expansion of the metal pipe joint were performed in accordance with the 
same procedures as with Embodiment 10. 

(0146) 

(Comparative Example 6) 

Apart from setting the retention time at the bonding temperature to 15 seconds, the manufacturing and 
expansion of the metal pipe joint were performed in accordance with the same procedures as with 
Embodiment 10. 

(0147) 

(Comparative Example 7) 

A Ni-family alloy foil with thickness of 30 /mi that has a composition equivalent to JIS BNi-5 was used as 
an insert material, and apart from setting the retention time at the bonding temperature to 300 seconds and 
the applied pressure to 1 MPa, the manufacturing and expansion of the metal pipe joint were performed in 
accordance with the same procedures as with Embodiment 10. 

(0148) 

(Comparative Example 8) 

Apart from setting the bonding temperature to 1250°C, the retention time to 300 seconds, and the applied 
pressure to 7 MPa, the rnanufacturing and expansion of the metal pipe joint were performed in accordance 
with the same procedures as with Embodiment 10. 

(0149) 

With respect to the metal pipe joints that were obtained in Embodiments 10-11 and Comparative 
Examples 6-8, maximum level difference tests, penetrant tests, and tensile tests were conducted in 
accordance with the same procedures as with Embodiment 1 . The results are shown in Table 4. 


(0150) 
(Table 4) 
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Results 
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i i _ 


(0151) , , c . 

In Comparative Example 6 in which the retention time at the bonding temperature was taken as 15 seconds, 
fissures were recognized in the junction in the penetrant test following pipe expansion. Moreover, the 
tensile strength was 563 MPa, and the specimen broke away from the bonding boundary. This is thought to 
have been because the diffusion of elements was not sufficiently performed because the retention time was 
short, and thus the deformability of the bonding boundary vicinity was diminished. 

Moreover, in Comparative Example 7 in which the applied pressure was taken as 1 MPa, although the 
retention time at the bonding temperature was taken as 300 seconds, fissures were recognized in the 


junction in the penetrant test following pipe expansion. Also, the tensile strength was 628 MPa, and i 
specimen broke away from the bonding boundary. This is thought to have been because the bonding 
boundary did not sufficiently adhere and partially unbonded portions generated because the applied 
pressure was low, and therefore the deformability of the entire bonding boundary was dirnimshed. 


Furthermore, in Comparative Example 8 in which the applied pressure was taken as 7 MPa, although the 
bonding temperature was reduced to 1250°C, excessive deformation occurred in the junction vicinity. 
Moreover, fissures were recognized in the junction in the penetrant test following pipe expansion. 
Furthermore, the tensile strength was 687 MPa, and the specimen broke away from the bonding boundary. 


In contrast to this, in Embodiment 10 in which the applied pressure was set to 5 MPa and the retention time 
was set to 30 seconds, and in Embodiment 1 1 in which the applied pressure was set to 1.5 MPa and the 
retention time was set to 300 seconds, no fissures were recognized on the bonding boundary in the 
penetrant test following pipe expansion for either of the embodiments. Moreover, the bonding strengths 
both exhibited strengths greater than 700 MPa, which is equivalent to that of the parent material, and the 
specimens broke away from the parent material side. 
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Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 10 - 
1 1 and Comparative Examples 6 - 8, so all of the maximum level differences were 0.5 mm. 

(0156) 

From the above results, it became clear that if the applied pressure is set greater than 1 .5 MPa and less than 
5 MPa in the case in which metal pipes are liquid phase diffusion bonded, then fissures will not generate on 
the junction following pipe expansion and metal pipe joints with high bond strength can be obtained. 

(0157) 

(Embodiment 12) 

Pipe expansion was performed on a metal pipe joint using method A. A steel pipe was used with an 
external diameter of 10.75 inches (269 mm) and wall thickness 0.5 inches (13 mm) made from American 
Petroleum Institution Grade LC52-1200 (called "LC52-1200" hereafter), which is a type of martensitic 
stainless steel, and the end internal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 15%. 

(0158) 

Next, the end face of the expanded steel pipe was finished such that the surface roughness Rmax is less 
than 50 /m% a Ni-family alloy foil with melting point of 1 140°C and thickness of 40 //m that has a 
composition equivalent to JIS BNi-5 was placed on the bonding boundary of the metal pipe, and liquid 
phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was expanded using a 
mandrel such that the pipe expansion rate was 25%. 

(0159) 

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the 
bonding temperature was 1300°C, the retention time was 120 seconds, and the applied pressure was 4 MPa, 
and bonding was performed in an Ar atmosphere. 

(0160) 

(Embodiment 13) 

Apart from setting the bonding temperature to 1 350°C, the retention time to 2 1 0 seconds, the applied 
pressure to 3.5 MPa, and the frequency of the high frequency current that flows through the induction coil 
to 100 kHz, the manufacturing and expansion of the metal pipe joint were performed in accordance with 
the same procedures as with Embodiment 12. 

(0161) 

(Embodiment 14) 

Apart from setting the bonding temperature to 1350°C, the retention time to 2 10 seconds, the applied 
pressure to 3.5 MPa, and performing bonding with a high frequency direct conduction heating method that 
uses a high frequency current with frequency of 25 kHz, the manufacturing and expansion of the metal pipe 
joint were performed in accordance with the same procedures as with Embodiment 1 2. 

(0162) 

(Comparative Example 9) 

Apart from setting the surface roughness Rmax of the bonding surface to 100 ^m, the bonding temperature 
to 1400°C, and the retention time to 300 seconds, the manufacturing and expansion of the metal pipe joint 
were performed in accordance with the same procedures as with Embodiment 12. 

(0163) 

(Comparative Example 10) 

Apart from setting the retention time at the bonding temperature to 300 seconds, the applied pressure to 5 
MPa, and the frequency of the high frequency current that flows through the induction coil to 400 kHz, the 


manufacturing and expansion of the metal pipe joint were performed in accordance with the same 
procedures as with Embodiment 12. 

(0164) 

With respect to the metal pipe joints that were obtained in Embodiments 12-14 and Comparative 
Examples 9-10, maximum level difference tests, penetrant tests, and tensile tests were conducted in 
accordance with the same procedures as with Embodiment 1. The results are shown in Table 5. 


(0165) 
(Table 5) 
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Location 
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Material 

Bonding 
Boundary 

Parent 
Material 

Parent 
Material 
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(0166) 

In Comparative Example 9 in which the surface roughness Rmax of the bonding boundary was set to 
100/nn, although diffusion bonding was performed under conditions of relatively high temperature, high 
pressure, and long time, fissures were recognized in the junction in the penetrant test following pipe 
expansion. Moreover, the tensile strength was 477 MPa, and the specimen broke away from the bonding 
boundary. This is thought to have been because it was not possible to fill with melted Ni alloy the 
irregularities that were present on the bonding boundary because the surface texture was rough, and 
therefore the deformability of the entire bonding boundary was diminished. 


(0167) 


Likewise, in Comparative Example 10 in which induction heating was performed using a high frequency 
current with a frequency of 400 MPa [sic], although diffusion bonding was performed under conditions of 
relatively high temperature, high pressure, and long time, fissures were recognized in the junction in the 
penetrant test following pipe expansion. Moreover, the tensile strength was 431 MPa, and the specimen 
broke away from the bonding boundary. This is thought to have been because the entire bonding boundary 
did not heat uniformly and unbonded portions generated on the inner periphery side of the metal pipe 
because the frequency was high, and therefore the deformability of the entire bonding boundary was 
diminished. 

(0168) 

In contrast to this, in Embodiments 12 - 14 in which the surface roughness Rmax of the bonding boundary 
was set to 50 fum and a high frequency current with a frequency less than 100 kHz was used, no fissures 
were recognized on the bonding boundary in the penetrant test following pipe expansion for any of the 
embodiments. Moreover, the bonding strengths all exhibited strengths greater than 700 MPa, which is 
equivalent to that of the parent material, and the specimens broke away from the parent material side. 

(0169) 

Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 12 - 
14 and Comparative Examples 9 - 10, so all of the maximum level differences were 0.5 ram 
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(0170) 

From the above results, it became clear that if the surface roughness Rmax of the bonding boundary is set 
to 50 fim in the case in which metal pipes are liquid phase diffusion bonded, then fissures will not generate 
on the junction following pipe expansion and metal pipe joints with high bond strength can be obtained. 
Moreover, it became clear that if the frequency of the high frequency current is set below 100 kHz in the 
case in which the bonding boundary is heated through high frequency induction heating or high frequency 
direct conduction heating, it is possible to restrain the reduction of deformability that originates from the 
generation of unbonded portions. 

(0171) 

(Embodiment 15) 

Pipe expansion was performed on a metal pipe joint using method B. A carbon steel pipe made from API 
40H with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for 
the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 10%. 

(0172) 

Next, external thread was established on the end faces of the expanded metal pipes, and like metal pipes 
were fastened to one another with a coupling that has internal thread that can screw into this external 
thread. Furthermore, the obtained metal pipe joint was expanded using a mandrel such that the pipe 
expansion rate was 10%. 

(0173) 

(Embodiment 16) 

Apart from setting the end diameter expansion rate of the metal pipe to 25% and expanding the metal pipe 
joint with a 25% pipe expansion rate, the rnanufacturing and expansion of the metal pipe joint were 
performed in accordance with the same procedures as with Embodiment 15. 

(0174) 

(Embodiment 16 [sic]) 

Apart from using as the metal pipe a steel pipe made from LC52-1200 with an external diameter of 10.75 
inches (273 mm) and wall thickness 0.5 inches (127 mm), setting the end diameter expansion rate to 25%, 
and expanding the metal pipe joint with a 25% pipe expansion rate, the manufacturing and expansion of the 
metal pipe joint were performed in accordance with the same procedures as with Embodiment 15. 

(0175) 

(Comparative Example 11) 

Apart from setting the end diameter expansion rate of the metal pipe to 0%, the manufacturing and 
expansion of the metal pipe joint were performed in accordance with the same procedures as with 
Embodiment 15. 

(0176) 

(Comparative Example 12) 

Apart from using as the metal pipe a steel pipe made from LC52-1200 with an external diameter of 10.75 
inches (273 mm) and wall thickness 0.5 inches (127 mm), setting the end diameter expansion rate to 15%, 
and expanding the metal pipe joint with a 25% pipe expansion rate, the manufacturing and expansion of the 
metal pipe joint were performed in accordance with the same procedures as with Embodiment 15. 

(0177) 

Hydraulic pressure tests were conducted with respect to each of the metal pipe joints that were obtained in 
Embodiments 1 5 - 17 and Comparative Examples 11-12. The results are shown in Table 6. 


(0178) 
(Table 6) 
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Generation 
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Satisfactory 
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Generation 
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(0179) 

With respect to Comparative Example 1 1 in which the end diameter expansion rate was set to 0% and the 
metal pipe joint was expanded with a 1 0% pipe expansion rate, water leaks generated from the junction 
after having performed a hydraulic pressure test with 2100 psi pressure. 


(0180) 

In contrast to this, in Embodiment 15 in which both the end diameter expansion rate and the pipe expansion 
rate were set to 10%, and in Embodiment 16 in which both the end diameter expansion rate and the pipe 
expansion rate were set to 25%, water leaks did not generate from either of the junctions even when 
hydraulic pressure tests were performed with 2100 psi pressure. 

(0181) 

Moreover, with respect to Comparative Example 12 in which the end diameter expansion rate was set to 
15% and the metal pipe joint was expanded with a 20% pipe expansion rate, water leaks generated from the 
junction after having performed a hydraulic pressure test with 3000 psi pressure. 

(0182) 

In contrast to this, in Embodiment 17 in which both the end diameter expansion rate and the pipe expansion 
rate were set to 25%, water leaks did not generate from the junction even when a hydraulic pressure test 
was performed with 3000 psi pressure, and a satisfactory metal pipe joint was obtained. 

(0183) 

From the above results, it became clear that, in the case in which a metal pipe joint that was bonded with a 
threaded connection method is expanded, if pipe expansion is performed with a pipe expansion rate that is 
less than the end diameter expansion rate, a metal pipe joint that is superior with respect to airtightness can 
be obtained. 

(0184) 

(Embodiment 18) 

Pipe expansion was performed on a metal pipe joint using method C. A steel pipe made from STKM12B 
(JIS G3445) with an external diameter of 140 mm and wall thickness of 7 mm was used for the metal pipe. 
The end face of this steel pipe was finished such that the surface roughness Rmax is less than 30 ^m, a Ni- 
family alloy foil with a melting point of 1050°C and thickness of 50 fjm that has a composition equivalent 
to JIS BNi-3 was placed on the bonding boundary, and diffusion bonding was performed. Furthermore, the 


obtained metal pipe joint was expanded with a mandrel such that the pipe expansion rate was between 5 - 
25%. 


(0185) 

Also, a high frequency induction heating method that used a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction, and two types of coils were used for the heating coils 
- a coil in which the heating width is 20 mm, and a coil in which the heating width is 40 mm 
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(0188) 

It can be seen from Table 7 that the expansion length becomes longer as a heating coil with a long heating 
width is used. In other words, it can be seen that the expansion length becomes 40 - 50 mm if the heating 
width is set to 20 mm, and the expansion length becomes 80 - 90 mm if the heating width is set to 40 mm. 

(0189) 

Moreover, it can be seen from Table 7 that, in the case in which the expansion length is set between 40 - 50 
mm, a metal pipe joint is obtained in which pipe expansion can be performed with a larger pipe expansion 
rate as the lateral expansion rate becomes larger. 

(0190) 

Stated simply, in the case in which the lateral expansion rate is 1.00, cracks already generated on the 
bonding boundary when the pipe expansion rate was 10%, and a sound metal pipe joint was not obtained 
(Test Number 1). When the lateral expansion rate was set to 1 .02, a sound metal pipe joint was obtained in 
the case in which the pipe expansion rate was less than 15%, but fissures generated in the junction when the 
pipe expansion rate was greater than 20% (Test Number 3). 

(0191) 

In contrast to this, when the lateral expansion rate was set greater than 1 .04 (Test Numbers 5, 7, 9, and 1 1), 
no fissures generated in the junctions even when the pipe expansion rate was set to 20%, and sound metal 
pipe joints mat have strengths equivalent to the parent material were obtained. 

(0192) 

The case in which the expansion length was set between 80 - 90 mm was the same, and it can be seen that a 
metal pipe joint is obtained in which pipe expansion can be performed with a larger pipe expansion rate as 
the lateral expansion rate becomes larger (Test Numbers 2, 4, 6, 8, 10). 

(0193) 

Furthermore, it can be seen from Table 7 that, in the case in which the lateral expansion rate is made to be 
uniform, there is a tendency for metal pipe joints to be obtained that can withstand pipe expansion with a 
larger pipe expansion rate as the expansion length becomes longer. In other words, in the case in which the 
lateral expansion rate was 1.02 and the expansion length was 40 mm, fissures generated in the junction 
when pipe expansion was performed with a pipe expansion rate of 20% (Test Number 3). On the other 
hand, in the case in which the expansion length was set to 80 mm, no fissures generated in the joint even 
when pipe expansion was performed with a pipe expansion rate of 20%, and a sound joint that has strength 
equivalent to the parent material was obtained (Test Number 4). 

(0194) 

Likewise, in the case in which the lateral expansion rate was 1 .04 and the expansion length was 45 mm, 
fissures generated in the junction when pipe expansion was performed with a pipe expansion rate of 25% 
(Test Number 5). On the other hand, in the case in which the expansion length was set to 90 mm, no 
fissures generated in the junction even when pipe expansion was performed with a pipe expansion rate of 
25%, and a sound joint that has the strength equivalent to the parent material was obtained (Test 
Number 6). 

(0195) 

From the above results, it became clear that if metal pipes whose ends have not been expanded are butted 
and the bonding boundary vicinity is deformed into a barrel shape with a prescribed lateral expansion rate 
at the time of diffusion bonding, then fissures will not generate in the junction even in the case in which 
pipe expansion is performed with a high pipe expansion rate, and a sound metal pipe joint with high 
bonding strength can be obtained. 
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(0196) 

(Embodiment 19) 

Pipe expansion was performed on a metal pipe joint using method A'. A carbon steel pipe made from API 
H40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for 
the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 5%. 

(0197) 

Next, grooves were formed on the end faces of the expanded metal pipes, and the metal pipes were welded 
with a gas shield arc welding method. Furthermore, the obtained metal pipe joint was expanded using a 
mandrel such that the pipe expansion rate was 25%. 

(0198) 

Also, welding was performed using JIS YGW21 (01.2 mm) as the welding wire and a mixed gas of Ar + 
20%CO 2 as the shield gas, with a 280A welding current. 

(0199) 

(Embodiments 20-21, Comparative Examples 13-14) 

Apart from respectively setting the end diameter expansion rates of metal pipes 30 to 0% (Comparative 
Example 13), 3% (Comparative Example 14), 10% (Embodiment 20), and 15% (Embodiment 21), the 
manufacturing and expansion of the metal pipe joints were performed in accordance with the same 
procedures as with Embodiment 19. 

(0200) 

With respect to the metal pipe joints that were obtained in Embodiments 19-21 and Comparative 
Examples 13-14, penetrant tests and tensile tests were performed in accordance with the same procedures 
as with Embodiment 1 . The results are shown in Table 8. 

(0201) 
(Table 8) 


[see source for numbers and English] 


Test Number 

Comparative 
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Comparative 
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Dimensions 

External 
Diameter 
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No Cracks 

No Cracks 
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(MPa) 






Break 
Location 

Welded 
Section 

Welded 
Section 

Parent 
Material 

Parent 
Material 

Parent 
Material 

Comprehensive Evaluation 







(0202) 

In Comparative Example 13 in which the end diameter expansion rate was set to 0%, multiple fissures were 
recognized in the junction in the penetrant test following pipe expansion. Furthermore, the tensile strength 
exhibited low strength of 3 1 7 MPa, and the specimen broke away from the welded section. 


(0203) 

Likewise, in Comparative Example 14 in which the end diameter expansion rate was set to 3%, significant 
fissures were recognized in the junction in the penetrant test following pipe expansion, but the number of 
fissures was less than in Comparative Example 13. Accordingly, the tensile strength improved to 495 MPa, 
but the specimen broke away from the welded section. 

(0204) 

In contrast to this, in Embodiments 19, 20, and 21 in which the end diameter expansion rates were 
respectively set to 5%, 10%, and 15%, no fissures were recognized on the bonding boundary in the 
penetrant tests following pipe expansion in any of the embodiments. Furthermore, the bonding strengths all 
exhibited strengths greater than 700 MPa, which is equivalent to that of the parent material, and the 
specimens broke away from the parent material side. 

(0205) 

From the above results, it became clear that if the end internal diameter of the metal pipe is expanded 
before the metal pipes are welded such that a value greater than the prescribed end diameter expansion rate 
is achieved, it becomes more difficult for fissures to generate on the junction at the time of pipe expansion 
as the end diameter expansion rate becomes larger, and a metal pipe joint with higher bonding strength can 
be obtained. 

(0206) 

The embodiments of the present invention were described in detail above, but the present invention is in no 
way limited to the embodiments described above, and various alterations are possible within a scope that 
does not deviate from the purport of the present inventioa 

(0207) 

For example, there are no particular restrictions regarding the shape of the mandrel that is used for pipe 
expansion, and it would be acceptable to use a tapered mandrel or a mandrel that has a roller on the tapered 
surface. 

(0208) 

Moreover, there are also no particular restrictions regarding the drive means for the mandrel. For example, 
it would be acceptable to affix a shaft to the base surface of the mandrel, and then drive the mandrel into 
the metal pipe joint using that shaft. 
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Alternatively, it would also be acceptable to apply hydraulic pressure to the base surface of the mandrel, 
and then move it through the metal pipe joint from one end to the other with hydraulic pressure. 

(0209) 

Moreover, in the embodiments described above, a diffusion bonding method, a threaded connection 
method, or a welding method was used to bond metal pipe joints in which the internal diameter of the 
junction has become larger than the internal diameter of the non-conjugative regions, but the bonding 
method of the metal pipes joints is not limited to these methods. For example, it would also be acceptable 
to form a metal pipe joint by bonding metal pipes with a friction pressure welding method. 

(0210) 

Furthermore, the metal pipe joint for pipe expansion and its manufacturing method of the present invention 
are particularly suited for oil well pipes for casing that is buried beneath the earth and the manufacturing 
method thereof, but the applications of the present invention are not limited to oil well pipes, and it is 
possible to use them as casing that is used in natural gas wells, geothermal wells, hot spring wells, and 
water wells, or as line pipe that is laid on the ground surface or as plumbing for plants and the 
manufacturing methods thereof. By doing so, it is possible to obtain effects equivalent to those of the 
embodiments above. 

(0211) 

(Effects of the Invention) 

The metal pipe joint for pipe expansion and its manufacturing method of the present invention uses an 
industrial tool such as a mandrel to expand a metal pipe joint in which the internal diameter of the junction 
has become larger than the internal diameter of the non-conjugative regions, so the deformation resistance 
when expanding the metal pipe joint becomes small. Therefore, it is possible to perform the pipe expansion 
operation smoothly, and there is the effect that motive energy of the pipe expansion operation is also 
conserved. 

(0212) 

Moreover, if the diameter of the end of the metal pipe is expanded in advance with a prescribed end 
diameter expansion rate and such metal pipes are butted and diffusion bonded or welded, then it is possible 
to easily obtain a metal pipe joint in which the internal diameter of the junction has become larger than the 
internal diameter of the non-conjugative regions. 

(0213) 

Furthermore, in the case in which such a metal pipe joint is expanded, it is possible to make the plastic 
stress of the junction small in comparison to the plastic stress of the non-conjugative regions. Therefore, 
even in the case in which heat-affected regions generate at the time of diffusion bonding or welding and the 
deformability of the junction vicinity is diminished, there is the effect that it becomes difficult for fissures 
to generate on the junction, and a metal pipe joint that is superior with respect to strength and airtightness 
can be obtained. 

(0214) 

Moreover, if metal pipes whose end internal diameters have been expanded with a prescribed end diameter 
expansion rate are bonded with a threaded connection method to form a metal pipe joint, there is the effect 
that the thread portions do not plastic-deform, so there is no decrease in airtightness that originates from 
loose thread. 

(0215) 

Moreover, even in the case in which like metal pipes whose ends have not been expanded are butted and 
the junction is deformed into a barrel shape with a prescribed lateral expansion rate at the same time that 
the metal pipes are diffuse bonded, it is possible to easily obtain a metal pipe joint in which the internal 
diameter of the junction has become larger than the internal diameter of the non-conjugative regions. 


Therefore, if such a metal pipe joint is expanded with a prescribed pipe expansion rate, there is the effect 
that a metal pipe joint that is superior with respect to strength and airtightness can be obtained. 

(0216) 

Furthermore, in the case in which the ends of metal pipes are expanded in advance with a prescribed end 
diameter expansion rate and such metal pipes are butted and diffusion bonded, it is possible to reduce the 
level differences that generate on the inner periphery side of the junction, even if there is variation in the 
dimensions of each metal pipe. Therefore, even if pipe expansion is performed, there is no danger of the 
generation of fissures that originate from stress concentration, so there is the effect that a metal pipe joint 
that is superior with respect to strength, fatigue characteristics, and corrosion resistance can be obtained. 

(0217) 

As described above, through the metal pipe joint for pipe expansion and its rnanufacturing method, it is 
possible to easily obtain a metal pipe joint in which the energy expenditure required for pipe expansion is 
small, airtightness and strength are superior, and the level differences that generate in the junction are 
small. Therefore, it this is applied to an oil well pipe or line pipe, for example, it will contribute to 
significant cost reduction and reliability improvement in the oil drilling operation or pipe laying operation, 
and the present invention is an invention in which these effects are extremely large industrially. 


(Brief Description of the Drawings) 
(Figure 1) 

A flow chart that shows the metal pipe joint for pipe expansion and its nianufacturing method of the first 
embodiment of the present invention. 

(Figure 2) 

A flow chart that shows the pipe expansion method of the metal pipe joint for pipe expansion shown in 
Figure 1 (d). 

(Figure 3) 

A flow chart that shows the metal pipe joint for pipe expansion and its manufacturing method of the second 
embodiment of the present invention. 

(Figure 4) 

A flow chart that shows the pipe expansion method of the metal pipe joint for pipe expansion shown in 
Figure 2 (d). 

(Figure 5) 

Figure 5 (a) - (c) is a flow chart that shows metal pipe joint for pipe expansion and its manufacturing 
method of the third embodiment of the present invention, and Figure 5 (d) is a figure that shows the 
expansion method of the metal pipe for pipe expansion shown in Figure 5 (c). 

(Figure 6) 

A cross sectional diagram that shows the typical structure of an oil well. 
(Figure 7) 

A cross sectional diagram that shows the threaded connection method (mechanical coupling method). 


(Explanation of Symbols) 


30, 40, 50 Metal Pipes 

32, 42, 52 Metal Pipe Joints 

34 Mandrel 
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[see source for drawings] 

(Figure 1) 
(c) 

Machine work Machine work 

(Figure 3) 

(Figure 2) 
Applied pressure 

(Figure 6) 
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(Figure 4) 
Applied pressure 

(Figure 7) 

(Figure 5) 
(b) 

Applied pressure Applied pressure 
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(54) {Title of the Invention} Quality Inspection Method for Use During Tube Expansion 

(57) {Summary} 
{Problem} 

To offer a quality inspection method for expanded tubes whereby the occurrence of quality aberration 
or the degree of quality aberration can be determined at the time of expansion of the steel tube, and 
whereby remote observation is possible. 

{Solution} An AE sensor 10, which detects steel tube vibrations during tube expansion occurring as a 
tube expansion mandrel 20 moves through the interior of a steel tube 30, is situated against the steel 
tube. Increases in the AE sensor signal amplitude, the number of increases in the AE sensor signal 
amplitude or the time over which the increase in AE sensor signal amplitude occurs is detected, and 
the occurrence of quality aberration or the degree of quality aberration in the aforementioned steel 
tube is determined on the basis of the detected signals. 


Japanese Unexamined Patent Application Publication 2000-162192 


[see source for diagram] 
{Scope of Patent Claims} 

{Claim 1 } A quality inspection method for use during tube expansion, characterized in that an AE 
sensor for detecting vibrations in a steel tube during tube expansion of said steel tube is situated 
against the steel tube, arid when tube expansion occurs as a tube expansion mandrel moves through 
the interior of the steel tube, increases in the AE sensor signal amplitude, the number of increases in 
the AE sensor signal amplitude or the time over which the increase in AE sensor signal amplitude 
occurs is detected, and the occurrence of quality aberration in the aforementioned steel tube is 
determined on the basis of the detected signals. 

{Claim 2} The quality inspection method for use during tube expansion according to Claim 1, 
characterized in that the degree of the quality aberration in the steel tube is determined based on the 
magnitude of the AE sensor signal amplitude, the number of increases in AE sensor signal amplitude 
or the time of increase in AE sensor signal amplitude. 

{Claim 3} The quality inspection method for use during tube expansion described in Claim 1 or 2, 
characterized in that the AE sensor signal that is detected during tube expansion is amplified as a tube 
expansion mandrel moves through the interior of a steel tube, and the level of the aforementioned 
amplification is increased in accordance with a continual decrease in AE sensor signal amplitude, or 
the level of the aforementioned amplification is decreased in accordance with a continual increase in 
AE sensor amplitude. 
{Detailed Description of the Invention} 
{0001} 

{Technological Field of the Invention} The present invention relates to a quality inspection method 
used during tube expansion. In particular, the invention is a quality inspection method used during 
tube expansion that is appropriate for inspecting quality aberrations such as cracking or pinholes 
generated in the joints of long steel tubes, etc., during the expansion of steel tubes. 
{0002} 

{Prior Art} In the past, the tube expansion of long tubes formed from steel has been carried out using 
tube expansion mandrels. As shown in Figure 1, this process involves the insertion of a tube 
expansion mandrel 20 into one of the open ends of a long tube 30, applying a specified weight P in 
order to insert the tube expansion mandrel 20 into the long tube 30, and pushing the mandrel across 
the inner wall of the long tube 30 towards the other end, thus performing tube expansion. 
{0003} However, there are cases where quality aberrations such as cracks are produced in steel tubes 
during the tube expansion process. In particular, with tube expansion in steel tubes having mechanical 
joints or welded regions produced by welding or diffusion welding, quality aberrations readily occur 
in welded regions. In order to detect these quality aberrations, non-destructive inspections have been 
traditionally carried out. For example, ultrasonic defect diagnostic methods have been used wherein 
ultrasound is made to impinge upon the body to be inspected, and internal defects are found based on 
differences in reflected waves at end surfaces and defect surfaces. In addition, x-ray defect diagnostic 
methods have been used in which x-rays are made to impinge upon the body to be inspected, and the 
transmitted radiation is then used to sensitize film, so that the defects can be detected from the 
photosensitive image thereupon. 

{0004} However, in carrying out these inspection methods, there is the problem that at least part of 
the detection device must be positioned in the region that is to be inspected, and this creates problems 
that are exacerbated as the length of the tube increases. In addition, there is the problem these 
inspection methods cannot be carried out on-site during the tube expansion operation, so they must be 
carried out after completion of tube expansion, at least in the region that is to be inspected. 
Specifically, with conventional inspection methods, inspection must be carried out with at least part of 
the inspection device located in the region to be inspected after completion of tube expansion. 
{0005} On the other hand, when installing oil well pipes for drawing oil, etc., out of the ground, 
technologies are known in which tube expansion is carried out by inserting a steel tube with a 
comparatively small diameter into the ground, and then inserting a tube expansion mandrel, etc., using 
high downward compressive force, which thereby reduces equipment installation costs. In order to 
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inspect expanded steel tubes using this conventional method, it is difficult to situate the inspection 
device at the outer wall surface of the steel tube, and is also difficult to move the inspection device in 
the lengthwise direction along the outer wall of the steel tube because the tube has been laid 
underground. Consequently, it has been necessary to inspect the tube by moving the inspection device 
long the interior of the steel tube. However, the tube diameter is small even after tube expansion, and 
the total length of the tube can be as long as several kilometers, so there have been extremely difficult 
problems with quality aberration inspection over the entire length of a steel tube using conventional 
methods. 
{0006} 

{Problems to be Solved by the Invention} The problem to be solved by the present invention is that of 
offering a quality inspection method used at the time of tube expansion, whereby quality aberrations in 
steel tubes can be evaluated with the inspection device in a stationary condition during the tube 
expansion process for the steel tube, whereby an occurrence or degree ofamality aberration can be 
determined at a site that is removed from the quality inspection device, and whereby quality 
aberrations in said steel tube can be detected almost simultaneous to their occurrence. 
{0007} 

{Means for Solving the Problems} The gist of the present invention used in order to solve these 
problems relates to a quality inspection method used during tube expansion wherein an AE sensor for 
detecting vibrations in a steel tube during tube expansion of said steel tube is situated against the steel 
tube, and when tube expansion occurs as a tube expansion mandrel moves through the interior of the 
steel tube, increases in the AE sensor signal anplitude, the number of increases in the AE sensor 
signal amplitude, or the time over which the increase in AE sensor signal amplitude occurs is detected, 
and the occurrence of quality aberration in the aforementioned steel tube is determined on the basis of 
the detected signals. 

{0008} By means of the quality inspection method used during tube expansion pertaining to the 
present invention carried out in this manner, vibrations arising on the interior of a steel tube and on the 
surface of a steel tube during tube expansion occurring as a tube expansion mandrel passes through 
the interior of a steel tube are detected by an AE sensor situated on the steel tube, and quality 
aberration is judged to have occurred when an increase amplitude of the aforementioned AE sensor 
signal is detected, when the number of increases in amplitude of the aforementioned AE sensor signal 
reaches a predetermined number, or when the time over which the increase in amplitude of the 
aforementioned AE sensor signal occurs is longer than a predetermined time. 

{0009} In addition, as with the invention described in Claim 2, when the degree of quality aberration 
of the aforementioned steel tube is to be judged based on the magnitude of the increase in AE sensor 
signal amplitude, the number of increases of AE sensor signal amplitude, or the time of the increase in 
AE sensor signal amplitude, detected at the time when the aforementioned quality aberration is 
determined, the degree of the quality aberration of the aforementioned steel tube can be determined 
based on the magnitude of the aforementioned AE sensor signal amplitude, the number of increases in 
the aforementioned AE sensor signal amplitude, or time over which the amplitude of the AE sensor 
signal has increased. 

{0010} In addition, as pertains to the invention of Claim 3, the AE sensor signal detected during tube 
expansion is amplified at the time of tube expansion as the tube expansion mandrel moves long the 
interior of the steel tube, and the degree of the aforementioned amplification is increased along with a 
continual decrease in AE sensor signal amplitude, or the degree of the aforementioned amplification is 
decreased in accordance with a continual increase in AE sensor amplitude. 

{0011} With the quality inspection method used during tube expansion described in Claim 3 of the 
present invention carried out in this manner, the AE sensor signal detected during tube expansion as 
the rube expansion mandrel moves along the interior of the steel tube is amplified, and as the damping 
of vibrations generated by the tube as they are conducted to the AE sensor increases, the degree of the 
aforementioned amplification is increased, or as the aforementioned damping decreases, the degree of 
the aforementioned amplification is decreased. By this means, damping occurring with transmission of 
the vibrations generated by tube expansion to the AE sensor is compensated for, and quality 
inspection is carried out based on said corrected AE sensor signal. 
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{0012} Employing the change in degree of amplification in accordance with a continual increase or 
continual decrease in output amplitude from the AE sensor means that the change in tube expansion 
amplitude in a region in which the output amplitude of the relatively stable AE sensor changes 
continually is taken as a reference. For example, mis means that the aforementioned amplification 
level is not made to follow discontinuous change in amplitude, as with changes in AE sensor signal 
amplitude produced during the occurrence of aberration. By excluding these regions of discontinuous 
change in this manner, correction is carried out based on the change in AE sensor signal amplitude, so 
that even if the AE signal amplitude increases or decreases over time during the observation period 
over which quality aberrations, etc. are generated, the attenuation can be appropriately corrected for 
without erroneous correction. 
{0013} 

{Embodiments of the Invention} Desirable embodiments of the present invention are described in 
detail below in reference to the figures. Figure 1 is a schematic constitutional diagram used for 
schematically presenting the quality inspection method used during tube expansion of steel tubes 
pertaining to the present invention. A long tube 30 is shown in cross section. Said long tube 30 is a 
tube produced by welding relatively short steel tubes 30a, 30b, 30c. at weld regions 31a, 31b... In the 
figure, only three steel tubes are shown, but these tubes continue downwards. 

{0014} The tube expansion mandrel 20 has a cylindrical part and a tapered part as shown in the 
figures, and a load P is applied from behind (upwards in the figure). As the mandrel travels forward 
(downwards in the figure), the interior wall of the long tube is pressed outwards in a radial direction 
due to the aforementioned tapered part, thus expanding the aforementioned long tube 30. The AE 
sensor 10 is situated in contact with the outer wall of the long tube, and the vibrations at said outer 
surface are converted into signals as the aforementioned tube expansion is taking place. Said signals 
are output to an inspection device main unit 100 to which it is connected. 

{0015} Figure 2 is a control block diagram showing an example of the signal processing structure in 
the quality inspection device implemented in the present invention. In the quality inspection device 
main unit 100 shown in (a), the AE sensor 10 is connected to an absolute value processor 101, and the 
absolute value processor 101 is connected to a comparative processor 103. An aberration decision 
standard value setting part 102 is also connected with the comparative processor 103, and the 
comparative processor 103 is connected to a notification means 110. 

{0016} The aforementioned absolute value processor 101 removes the direct current component of the 
output signal from the AE sensor 10, and outputs signals that have been converted into absolute 
values. The aforementioned aberration decision standard value setting part 102 is the part where the 
aberration decision standard value Thl is set, which is the threshold value for determining the size of 
the signal amplitude from the AE sensor 10. The aberration decision standard value Thl should be set 
at a value that is between the AE sensor signal amplitude when tube expansion is occurring without 
aberration, and the AE sensor signal amplitude when quality aberrations occur. 
{0017} For example, the operator uses a standard value setting knob that is provided in order to set 
the aberration decision standard value obtained experimentally beforehand in accordance with the type 
of steel tube that is the subject of tube expansion. In this case, the value is automatically set to a value 
determined by multiplying the AE sensor signal amplitude As at time ts in the initial stage in which 
the tube expansion process is initially occurring in said long tube 30 by a constant k! that has been 
determined beforehand (where ki > 1). 

{0018} The aforementioned comparative processor 103 compares the signal input from the absolute 
value processor 101 with the aforementioned aberration decision standard value Thl, and when the 
signal from the absolute value processor 101 exceeds the aberration decision standard value Thl, a 
high-value generation signal is output. When the aforementioned high value generation signal is input 
into the notification means 110, a quality aberration is judged to have occurred, and an indication of 
this occurrence is sent to the operator by a tone or display. 

{0019} In this manner, when quality inspection is to be carried out by the quality inspection device 
main unit 100 constituted in the manner shown in (a), the direct current component is taken from the 
signal from the AE sensor 10 , and is rectified to obtain an amplitude. When the signal amplitude from 
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the AE sensor 10 exceeds the aberration decision standard value, a notification is made regarding the 
occurrence of aberration. 

{0020} The quality inspection device unit 100 shown in (b), as can be seen from the figure, has a 
pulse counting processor 104 between the notification means 110 and the comparative processor 103 
constituting the quality inspection device shown in (a) above. The pulse counting processor 104 is 
connected to the comparative processor 103 and the notification means 110. The number of the 
aforementioned high value generation signals received from the comparative processor 103 is 
calculated, and when this number reaches or surpasses the number that has been previously set, a 
quality aberration occurrence signal is output. In this case, a quality aberration occurrence signal is 
output when the number of occurrences of high value generation signals is 2 or greater. 
{0021} Consequently, when quality inspection is carried out with a quality inspection device unit 100 
constituted as indicated in (b), the signal from the AE sensor 10 is removed and rectified, and its 
amplitude is obtained When the signal amplitude from the AE sensor 10 exceeds the aberration 
decision standard value two or more times, notification of an occurrence of quality aberration is made. 
{0022} In addition, in this case, the pulse counting processor 104 transmits the number of high value 
generation signals to the notification means 110 in addition to the aforementioned quality aberration 
generation signal. The notification means 110 should be constituted in such a manner that notification 
is made regarding the occurrence of quality aberration, and the degree of quality aberration in 
accordance with the number of high value generation signals. For example, the device may be 
constituted so that the number of high value generations itself is made known, but in this case, 
notification indicating "slight" in regard to the degree of aberration is made when the number is 2 or 
3, notification indicating "moderate" is made when the number is 4 or 5, and notification indicating 
"high" is made when the number is 6 or greater. 

{0023} The quality inspection device unit 100 shown in (c) is expanded upon by adding a peak 
detector 107 to the quality inspection device presented in (a). Output from the absolute value 
processor 101 and output from the comparative processor 103 is input into the peak value detector 
107, and this is linked to the notification means 110. When the aforementioned high value generation 
signal is output from the aforementioned comparative processor 103, the peak value detector 107 
retains the peak value of the output of the absolute value processor 101 at this tihie, and outputs this 
value to the aforementioned notification means 110. 

{0024} Thus, the notification means 110 reports the degree of quality aberration based on the 
aforementioned peak value in addition to reporting the occurrence of quality aberration. For example, 
the magnitude of the peak value itself may be reported, but in this case, notification of a "high", 
"moderate" or "low" determination is made in regard to the degree of aberration based on the 
magnitude of the peak value. 

{0025} When quality inspection is carried out using the quality inspection device unit 100 constituted 
as indicated in (c), the signal from the AE sensor 10 is rectified after removing the direct current 
component, and the amplitude is obtained. When the signal amplitude of the AE sensor 10 exceeds the 
aberration decision standard value Thl, sound or display is used in order to present an indication of an 
occurrence of aberration and the degree of quality aberration based on the peak value of the AE sensor 
signal amplitude at the time of occurrence of said quality aberration. 

{0026} The quality inspection device unit 100 shown in (d) is a unit in which an envelope detector 
106 is also included between the absolute value processor 101 and the comparative processor 103 in 
the quality inspection device presented in (a), and a pulse width discriminator 108 is also provided 
between the comparative processor 103 and the notification means 110. The aforementioned envelope 
detector 106 outputs an envelope signal linking each of the maximum values of the output signals of 
the absolute value processor 101, and this is transmitted to the comparative processor 103. The 
comparative processor 103 outputs a high value generation signal to the notification means 110 when 
the output of the envelope detector 106 is larger than the aforementioned aberration decision standard 
value Thl. The pulse width discriminator 108 transmits an indication of an aberration occurrence and 
the length of time for the aforementioned high value generation to the notification means 110 when 
the time of the aforementioned high value generation signal is longer than a determined time period. 
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{0027} Thus, the notification means 110 performs notification of a quality aberration occurrence and 
degree of quality aberration based on the length of the aforementioned high value generation signal. 
For example, notification may be made as to the length of the aforementioned high value generation 
signal itself, but in this case, notification is made as to the results of determination based on "high", 
"moderate" or "low" in regard to the degree of aberration determined based on the length of the 
aforementioned high value generation signal period. 

{0028} When quality inspection is carried out with the quality inspection device unit 100 constituted 
as shown in (d), the direct current component is removed from the AE sensor 100 signal, and the time 
for which the envelope intensity of the rectified signal exceeds the aberration decision standard value 
is calculated. If said time is longer than the determined time period, men sound or display is used in 
order to make a notification regarding quality aberration and the degree of quality aberration 
determined based on the time that the envelope intensity exceeded the aberration decision standard 
value Thl. f 

{0029} Figure 3 presents a schematic diagram in which the signal waveform for each of the 
processors is shown in common for Figure 2a, 2b and 2c. Specifically, Figure 3 shows the waveforms 
outputs at each part of the quality inspection device unit 100 when a quality aberration has occurred at 
the connection 31b during tube expansion, for the quality inspection system shown in Figure 1, 
whereas (a) shows the output signal for the AE sensor 10, (b) shows the output signal for the absolute 
value processor 101, and (c) shows the output value for the comparative processor 103. 
{0030} The waveform shown in (a) will be described in sequence. When the tube expansion process 
is initiated with advancement of the tube expansion mandrel 20 at time to, vibrations are generated via 
acoustic emission (AE) arising due to plastic deformation, etc., occurring with tube expansion and 
vibrations are generated due to friction between the long tube 30 and the tube expansion mandrel 10 
as advancement occurs (these vibrations are referred to in combination as "tube expansion 
vibrations"). When there is no aberration in quality, the tube expansion vibrations give a 
comparatively weak elastic wave. Consequently, for the period extending from time to to time tj 
during tube expansion of the steel tube 30a, a signal waveform having a comparatively small 
amplitude is output by the AE sensor 10. 

{0031} Next, during the period from time t, to time t 2 in which tube expansion of the weld 31a 
occurs, said weld region 31a has been welded by mechanical joining, diffusion welding or welding, so 
its hardness is higher than that of the steel tube 30a. As a result, the progress of the tube expansion 
mandrel 20 slows, and the aforementioned tube expansion vibrations give vibrations of even weaker 
amplitude. At this time, the AE sensor 10 outputs a signal waveform for vibrations that are smaller 
from time to to time ti. During the time from t 2 to t 3 in which the steel tube 30b expands, the AE 
sensor 10 outputs a signal waveform with a comparatively weak amplitude as with the time period 
from time to to tj described above. 

{0032} When there is a crack generated during tube expansion of the connection 31b, the energy 
emanates from the crack, and an elastic wave with a comparatively large amplitude is produced. The 
tube expansion vibrations that include said elastic waves are detected by the AE sensor 10, and during 
the period from time t 3 to time U, a signal waveform with a comparatively large amplitude is output. 
Subsequently, as shown in the figure, the AE sensor 10 outputs a signal waveform that has a 
comparatively small amplitude from time ti to time t 5 during tube expansion of the steel tube 31c as 
shown in the figure. Then a signal waveform with an even smaller amplitude is output from time t 5 to 
time t^ during expansion of the next weld region thereof not shown in the figure. 
{0033} Meanwhile, the output waveform from the absolute value processor 101 is the absolute value 
conversion determined after removing the direct current component of the AE sensor output shown in 
(a), thus producing the waveform shown in (b). In addition, the comparative processor 103 compares 
the output signal from the aforementioned absolute value processor 101 with the aberration decision 
standard value TH1 set as described above, and a "Hi" signal is output when the value is larger than 
said standard value TH1, whereas a "Lo" signal is output when said value is smaller than said 
standard value. 

{0034} Consequently, when the output signal of the absolute value processor 101 shown in (b) is 
input, the comparative processor 103 outputs the waveform shown in (c). During the time from time to 
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to time t 3 , the output remains "Lo" because there is no input from the absolute value processor 101 
that is higher than the aforementioned aberration decision standard value TH1. Next, because a crack 
is generated in the time period from time t 3 to U, a signal having an amplitude that is larger than the 
aforementioned aberration decision standard value TH| as shown in (b) is input, and pulses PI to P3 
are output during the time period from time to U in (c). Subsequently, there is no output that is larger 
than the aforementioned standard value TH1 during the time period from time U to t6, and so the value 
remains "Lo". 

{0035} With the respective quality inspection device units 100 having the constitutions described in 
(a)-(c)of Figure 2, the following types of processes are carried out based on the output signals shown 
in (aHc) of Figure 3. With the quality inspection device unit 100 shown in Figure 2(a), a "Hi" pulse is 
output from the comparative processor 103, and an aberration generation signal is output to the 
notification device 110, so that notification of an occurrence of an aberration is made by the 
notification means 110. < 

{0036} With the quality inspection device unit 100 shown in Figure 2(b), the number of pulses output 
from the comparative processor 103 is 3, and because this corresponds to 2 or more occurrences, 
notification is made regarding an indication of quality aberration. In addition, notification is also made 
regarding the degree of quality aberration corresponding to a pulse number of three for the high value 
signals. 

{0037} In the quality inspection device unit 100 shown in Figure 2(c), the peak value detector 107 
produces three outputs of "Hi" signals from the comparative processor 103, and so peak values PK1 
through PK3 of the absolute value processor 101 output are detected during the pulse generation time. 
Consequently, an aberration occurrence signal and signals representing the peak values PK1 to PK3 
are sent to the notification means 110. The notification means 110 then makes notification, via sound 
or display, of the occurrence of quality aberration, and the degree of the quality aberration 
corresponding to the aforementioned peak values PK1 through PK3. 

{0038} Figure 4 is a diagram that presents a schematic representation of the signal waveforms for 
each of the processors in Figure 2(d). Figure 4, specifically, represents the waveform output at each of 
the parts of the quality inspection device unit 100 when there is a quality aberration at the connection 
31b during tube expansion carried out by the quality inspection system presented in Figure 1, whereas 
(a) represents the output signal of the AE sensor 10, where this waveform is similar to that if Figure 
3(a). Here, (b) represents the output signal of the absolute value processor 101, where this waveform 
is similar to that of Figure 3(b), and (c) represents the output waveform of the envelope detector 106. 
{0039} The quality inspection device unit 100 having the constitution of (d) in Figure 2 detects 
quality aberration in the following manner based on the signals presented in Figure 4. The variation in 
envelope intensity is determined by the pulse width determination part 108 and the comparative 
processor 103, and when the time during which said envelope intensity is greater than the 
aforementioned aberration decision standard value Thl (time over which the comparative processor 
103 outputs the aforementioned high value generation signal; represented by T in the figure) is longer 
than the predetermined time, an aberration generation signal and a signal that transmits the 
aforementioned time T is sent to the notification means 110. The notification means 110 then makes a 
notification, via sound or display, as to the occurrence of quality aberration, and the degree of quality 
aberration corresponding to the aforementioned time period T. 

{0040} Figure 5 is a control block diagram showing a processing system example that is different 
from the steel tube quality inspection device presented in Figures 2(a>(d). The AE sensor 10 is 
attached to the aforementioned long tube 30, and surface vibrations from the long tube 30 are 
converted to signals that are output The absolute value processor 101 removes the direct current 
component of the AE sensor 10 output signal, and outputs the absolute value of the resulting signal to 
the amplification processor 1 05 and envelope detector 106. 

{0041} The amplification processor 105 is the part that amplifies the absolute value processor 101 
output, and in order to correct for attenuation of the elastic waves reaching the AE sensor at this time, 
said level of amplification is made such that it is inversely proportional to said envelope intensity at 
any give time t, based on the output of the envelope detector 106. Consequently, the level of 
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amplification at inspection time is is set at As/At using, as reference, the intensity As of the envelope 
at time ts during the initial tube expansion period. 

{0042} The envelope detector 106 outputs a signal produced by carrying out specified processing on 
the envelope that links each maximum of the output signals from the absolute value processor 101, 
and this signal is transmitted to the amplification processor 105. As described in detail below, when 
no aberrations are being generated during tube expansion of the main steel tube bodies 30a, 30b, 
30c..., the envelope is processed taking the amplitude of the AE sensor output as an index of the 
aforementioned amplification level correction. The result is output to the amplification processor 105. 
{0043} The aberration decision standard value setting part 102 is the part whereby the aberration 
decision standard value Th2 is set, which is the threshold value for determining the magnitude of the 
output signal amplitudes from the amplification processor 105. The aberration decision standard value 
setting part 102 automatically is set to a value found by multiplying the amplitude As of the output 
from the envelope detector 106 at time ts during the initial period of the robe expansion process of 
said long tube 30 by a predetermined constant k 2 (where k 2 > 1). 

{0044} The aforementioned comparative processor 103 compares the signal input from the 
amplification processor 105 with the aforementioned aberration decision standard value Th2, and 
outputs a high value generation signal when the signal of the amplification processor 105 is greater 
than the aberration decision standard value Th2. The notification means 110 notifies the operator via 
sound or display as to the occurrence of quality aberration when the aforementioned high value 
generation signal has been input 

{0045} Figure 6 and Figure 7 are waveform diagrams that give a schematic presentation of the outputs 
of each of the constitutive processors shown in Figure 5. Specifically, the figures are output waveform 
diagrams for each of the constitutive processors shown in Figure 5 when cracks occur in the 
connection 32b along with tube expansion of a long tube 30 having the constitution shown in Figure 
1. 

{0046} The signal shown in Figure 6(a) is produced by conversion of the vibrations from the long 
tube into signals by the AE sensor 10. This waveform is the same as the waveform shown in Figure 
3(a) and varies similarly. Specifically, an amplitude signal that is comparatively small is output from 
time to to time ti as tube expansion of the steel tube 30a is occurring, whereas 'an amplitude signal 
waveform that is smaller than the waveform from time to to time t] is output over the time period from 
time tj to time t 2 during which tube expansion of the weld region 31a occurs. 

{0047} Subsequently, over the time period from time t 2 to time t 3 during which tube expansion of the 
steel tube 30b occurs, the AE sensor 10 outputs a signal waveform with an amplitude that is 
comparatively weak, as with the waveform output over the time period from to to t, above. During the 
period from time t 3 to U during which cracking occurs during tube expansion in the connection 31b, a 
signal waveform with a comparatively large amplitude is output. Subsequently, a signal waveform 
with a comparatively small amplitude is output over the period from time t, to t 5 during which tube 
expansion of the tube 30c occurs. A signal waveform with a small amplitude is again output over the 
time period from time t 5 to t* during which the subsequent weld region is undergoing tube expansion 
(not shown in the figure). 

{0048} The waveform shown in Figure 6(b) is the output signal from the absolute value processor 
101, and results from removing the direct current component of the output signal from the AE sensor 
10, and perforrning absolute value conversion. The waveform represented by the solid line in Figure 
6(c) is the output signal from the envelope detector 106, and is produced as a result of processing the 
envelope from the outputs of the absolute value processor 101 in the manner described below. 
{0049} Specifically, the periods from time t, to time t 2 , time t 3 to time U> and time t 5 to time U, are 
times when tube expansion is occurring in weld regions 31a, 31b, 31c... of the long tube, or times 
when aberrations are occurring. The envelopes for these times produce the waveforms represented by 
the broken lines in Figure 6(c), but the waveforms represented by said broken lines are not output in 
these time periods. Rather, values interpolated from the change in envelope intensity at a time before, 
after, or before and after (represented by the solid lines in the figure) are output as the envelope 
intensity At for said time points. 
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{0050} For example, when the difference or ratio of the actual calculated value and the predicted 
value determined from the change in the envelope using the aforementioned standard exceeds a 
predetermined range, said predicted value is used instead of said actual value. Thus, the envelope 
intensities during tube expansion in the weld regions and during quality aberration will be far outside 
the values predicted from the transition of the envelope intensity during tube expansion of the main 
body of the steel tube, and so the aforementioned predicted values are used instead of the envelope 
intensity at these times. 

{0051} Figure 7(a) shows the output signal from the amplification processor 105. With regard to the 
output, the amplification processor 105 amplifies the signal shown in Figure 6(b) that is output by the 
absolute value processor 101 by a degree of amplification that is inversely proportional to the intensity 
of the envelope detector output represented by the solid line in Figure 6(c) in order to correct for 
damping of the elastic waves reaching the AE sensor. As is seen in the figure, the degree of 
amplification of the signal from the absolute value processor 101 is increased by the amplification 
processor 105 in accordance with the distance of the AE sensor from the site of rube expansion. An 
output is thus made after correcting for damping of the elastic waves produced by tube expansion. 
{0052} Figure 7(b) shows the output signal from the comparative processor 103. The comparative 
processor 103 outputs a "Hi" signal when the output of the amplification processor exceeds the 
aforementioned aberration decision standard value Th2, and thus outputs pulse signals PI to P3 
which are high value generation signals during the period from time t3 to t4. The notification means 
110 receives said high value generation signals, and uses sound or display to make a notification as to 
the occurrence of quality aberration. 

{0053} In addition, a pulse counting processor is provided between the aforementioned comparative 
circuit part 103 [sic] and the aforementioned notification means 110, whereby the number of the 
aforementioned high value generation signals from the comparative processor 103 is counted. This 
number is then transmitted to the notification means 110. The notification means 110, thus renders 
notification regarding the occurrence of quality aberration and the degree of quality aberration based 
on me number of the high value generation signals. 

{0054} Meanwhile, a peak value detector is provided that detects the maximum value for the 
amplification circuit output immediately after the point when the high value generation signal is 
output from the aforementioned comparative circuit 103. The notification means 110 thus renders 
notification as to the occurrence of quality aberration, and the degree of quality aberration based on 
the magnitude of said peak value. 

{0055} Figure 8 is an output waveform diagram for each of the processors when cracking occurs 
during actual tube expansion of the steel tube. Specifically, the figure is an output waveform diagram 
when quality inspection is actually being carried out according to the present invention using the 
configuration described in Figure 1 and Figure 2(a). In (a), the high-amplitude output waveforms 
occurring approximately at times tj, t 2 and t 3 are generated due to the occurrence of cracking at these 
time points. 

{0056} As is clear from the figures, when the aforementioned aberration decision standard value Thl 
is set to 5x the value of the amplitude As of the AE sensor at time ts in the initial period of tube 
expansion using the aforementioned aberration decision standard value setting part 102, the 
comparative processor 103, as shown in (b) generates pulse signals which are the aforementioned high 
value generation signals, the first being close to time t,, the second being close to time t 2 and the third 
being close to time t 3 . Consequently, the notification means sends notification of aberration 
occurrences at these time points t,, t 2 and t 3 . 

{0057} The present invention is not restricted by the embodiments described above, and various 
modifications are possible within a range that does not exceed the scope of the invention. For 
example, it goes without saying that the steel tube that is the subject of inspection is not restricted to 
one that has weld regions. The site of attachment of the AE sensor is also not restricted to the side 
surface of the tube, as the sensor may be attached at the end surface. In the embodiments described 
above, the tube expansion mandrel had a tapered region, but mandrels are not restricted to this type. 
For example, a tube expansion mandrel can be used that has expanding diameter rollers present on the 


Japanese Unexamined Patent Application Publication 2000- 1 62 192 


outer surface of the mandrel, so that the internal wall of the steel tube is pressed outwards in a radial 
direction by means of said expanding diameter rollers. 

{0058} On the other hand, regarding setting of the aforementioned aberration decision standard value, 
modes are not restricted to the process represented in the embodiment, and the value may be set to a 
value that is between the amplitude of the signal determined when normal tube expansion is occurring 
and the amplitude of the signal determined when quality aberration occurs. In addition, in the 
aforementioned embodiment, processing performed by analog signal processors can be carried out by 
means of digital signal processing. For example, an A/D converter can be provided after the absolute 
value processor 101 or the amplification processor 105 so that their outputs are converted to digital 
signals, which are then subjected to digital signal processing for subsequent processes. 
{0059} 

{Effects of the Invention} By means of the quality inspection method used during tube expansion 
described in Claim 1 of the present invention, as tube expansion occurs with movement of the tube 
expansion mandrel, vibrations are generated at the site of tube expansion. When quality aberrations 
are generated in the steel tube, the AE sensor signal amplitude increases relative to the amplitude at 
previous and subsequent time points. By employing this increase, the invention has the merit of 
allowing determination regarding an occurrence of quality aberration as tube expansion occurs 
without installing special irradiation devices or drive devices for quality inspection. 
{0060} In addition, vibrations generated by tube expansion and by movement of the tube expansion 
device are transmitted through the steel tube to an AE sensor that is at a location distant mom the site 
where tube expansion is occurring, so that it is possible to perform quality inspection during tube 
expansion with the inspection device itself fixed at a specific location. In addition, there is also the 
merit that quality inspection can be carried out as the long steel tube is undergoing expansion. 
Because the rate of transmission of said vibrations is extremely fast, when quality aberrations such as 
cracking occur during tube expansion, it is possible to detect the occurrence of quality aberration and 
the degree of quality aberration nearly simultaneous to its occurrence. 

{0061} Moreover, with the quality inspection method used during tube expansion described in Claim 

2, in addition to the merits of the quality inspection method described in Claim 1, there is the merit 
that the degree of quality aberration can be determined simultaneous to the quality aberration with the 
inspection device itself fixed at a determined location, without requiring the use of special drive 
devices or irradiation devices for quality inspection. 

{0062} Moreover, with the quality inspection method used during tube expansion described in Claim 

3, the degree of amplification of the AE sensor is increased in accordance with a continual decrease in 
AE sensor signal amplitude, or the degree of amplification of the AE sensor signal is decreased in 
accordance with a continual increase in AE sensor amplitude. By this means, damping of the elastic 
waves generated due to tube expansion occurring during the time it takes them to reach the AE sensor 
can be compensated for with high precision, so that it is possible to increase the reliability and 
accuracy of processing carried out using said AE sensor signal. 

{0063} For example, as the tube expansion mandrel becomes increasingly distant from the AE sensor, 
the decrease in AE sensor signal is compensated for, and thus even with long steel tubes, it is possible 
to determine the occurrence of quality aberration and the degree of quality aberration with a high level 
of accuracy. Moreover, because stable determination of the occurrence of quality aberration and the 
degree of quality aberration is possible with little fluctuation in AE sensor signal amplitude due to 
change in transmission distance, a quality inspection method for use during tube expansion is 
provided that increases the reliability of these determinations. 
{Brief Description of the Figures} 

{Figure 1 } Schematic constitutional diagram that presents a summary of the quality inspection method 
during tube expansion of steel tubes pertaining to the present invention. 

{Figure 2} Control block diagram showing an example of the signal processing system for the steel 
tube quality inspection device used in the present invention. 

{Figure 3} Diagram giving a schematic presentation of the signal waveforms for each of the 
processors of Figure 2(a), (b) and (c), where (a) is the waveform diagram of the output signal from the 
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AE sensor, (b) is the waveform diagram of the output signal from the absolute value processor and (c) 
is the waveform diagram of the output signal from the comparative processor. 
{Figure 4} Diagram giving a schematic presentation of the signal waveforms for each of the 
processors for Figure 2(d), where (a) is the waveform diagram of the output signal from the AE 
sensor, (b) is the waveform diagram of the output signal from the absolute value processor and (c) is 
the waveform diagram of the output signal from the envelope detector. 

{Figure 5} Control block diagram showing an example of a processing system other than that of the 
steel tube quality inspection device presented in Figure 2(a)-(d). 

{Figure 6} Waveform diagrams giving a schematic presentation of the outputs of the constitutive 
processors for the steel tube quality inspection device shown in Figure 5, where (a) is the waveform 
diagram of the output signal from the AE sensor, (b) is the waveform diagram of the output signal 
from the absolute value processor and (c) is the waveform diagram of the output signal from the 
envelope detector. , 

{Figure 7} Waveform diagrams giving a schematic presentation of the outputs of the constitutive 
processors for the steel tube quality inspection device shown in Figure 5, where (a) is the waveform 
diagram of the output signal from the amplification processor and (b) is the waveform diagram of the 
output signal from the comparative processor. 

{Figure 8} Waveform diagrams for the various processors when cracking occurs during actual tube 
expansion of a steel tube, where (a) is the output waveform diagram from the absolute value processor 
amplification processor and (b) is the output waveform diagram from the comparative processor. 
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(54) {Title of the Invention} Quality Inspection Method for Use During Tube Expansion 

(57) {Summary} 
{Problem} 

To offer a quality inspection method for expanded tubes whereby the occurrence of quality aberration 
or the degree of quality aberration can be determined at the time of expansion of the steel tube, and 
whereby remote observation is possible. 

{Solution} An AE sensor 10, which detects steel tube vibrations during tube expansion occurring as a 
tube expansion mandrel 20 moves through the interior of a steel tube 30, is situated against the steel 
tube. Increases in the AE sensor signal amplitude, the number of increases in the AE sensor signal 
amplitude or the time over which the increase in AE sensor signal amplitude occurs is detected, and 
the occurrence of quality aberration or the degree of quality aberration in the aforementioned steel 
tube is determined on the basis of the detected signals. 
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[see source for diagram] 
{Scope of Patent Claims} 

{Claim 1 } A quality inspection method for use during tube expansion, characterized in that an AE 
sensor for detecting vibrations in a steel tube during tube expansion of said steel tube is situated 
against the steel tube, and when tube expansion occurs as a tube expansion mandrel moves through 
the interior of the steel tube, increases in the AE sensor signal amplitude, the number of increases in 
the AE sensor signal amplitude or the time over which the increase in AE sensor signal amplitude 
occurs is detected, and the occurrence of quality aberration in the aforementioned steel tube is 
determined on the basis of the detected signals. 

{Claim 2} The quality inspection method for use during tube expansion according to Claim 1, 
characterized in that the degree of the quality aberration in the steel tube is determined based on the 
magnitude of the AE sensor signal amplitude, the number of increases in AE sensor signal amplitude 
or the time of increase in AE sensor signal amplitude. 

{Claim 3} The quality inspection method for use during tube expansion described in Claim 1 or 2, 
characterized in that the AE sensor signal that is detected during tube expansion is amplified as a tube 
expansion mandrel moves through the interior of a steel tube, and the level of the aforementioned 
amplification is increased in accordance with a continual decrease in AE sensor signal amplitude, or 
the level of the aforementioned amplification is decreased in accordance with a continual increase in 
AE sensor amplitude. 
{Detailed Description of the Invention} 
{0001} 

{Technological Field of the Invention} The present invention relates to a quality inspection method 
used during tube expansion. In particular, the invention is a quality inspection method used during 
tube expansion that is appropriate for inspecting quality aberrations such as cracking or pinholes 
generated in the joints of long steel tubes, etc., during the expansion of steel tubes. 
{0002} 

{Prior Art} In the past, the tube expansion of long tubes formed from steel has been carried out using 
tube expansion mandrels. As shown in Figure I, this process involves the •insertion of a tube 
expansion mandrel 20 into one of the open ends of a long tube 30, applying a specified weight P in 
order to insert the tube expansion mandrel 20 into the long tube 30, and pushing the mandrel across 
the inner wall of the long tube 30 towards the other end, thus performing tube expansion. 
{0003} However, there are cases where quality aberrations such as cracks are produced in steel tubes 
during the tube expansion process. In particular, with tube expansion in steel tubes having mechanical 
joints or welded regions produced by welding or diffusion welding, quality aberrations readily occur 
in welded regions. In order to detect these quality aberrations, non-destructive inspections have been 
traditionally carried out. For example, ultrasonic defect diagnostic methods have been used wherein 
ultrasound is made to impinge upon the body to be inspected, and internal defects are found based on 
differences in reflected waves at end surfaces and defect surfaces. In addition, x-ray defect diagnostic 
methods have been used in which x-rays are made to impinge upon the body to be inspected, and the 
transmitted radiation is then used to sensitize film, so that the defects can be detected from the 
photosensitive image thereupon. 

{0004} However, in carrying out these inspection methods, there is the problem that at least part of 
the detection device must be positioned in the region that is to be inspected, and this creates problems 
that are exacerbated as the length of the tube increases. In addition, there is the problem these 
inspection methods cannot be carried out on-site during the tube expansion operation, so they must be 
carried out after completion of tube expansion, at least in the region that is to be inspected. 
Specifically, with conventional inspection methods, inspection must be carried out with at least part of 
the inspection device located in the region to be inspected after completion of tube expansion. 
{0005} On the other hand, when installing oil well pipes for drawing oil, etc., out of the ground, 
technologies are known in which tube expansion is carried out by inserting a steel tube with a 
comparatively small diameter into the ground, and then inserting a tube expansion mandrel, etc., using 
high downward compressive force, which thereby reduces equipment installation costs. In order to 
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inspect expanded steel tubes using this conventional method, it is difficult to situate the inspection 
device at the outer wall surface of the steel tube, and is also difficult to move the inspection device in 
the lengthwise direction along the outer wall of the steel tube because the tube has been laid 
underground. Consequently, it has been necessary to inspect the tube by moving the inspection device 
long the interior of the steel tube. However, the tube diameter is small even after tube expansion, and 
the total length of the tube can be as long as several kilometers, so there have been extremely difficult 
problems with quality aberration inspection over the entire length of a steel tube using conventional 
methods. 
{0006} 

{Problems to be Solved by the Invention} The problem to be solved by the present invention is that of 
offering a quality inspection method used at the time of tube expansion, whereby quality aberrations in 
steel tubes can be evaluated with the inspection device in a stationary condition during the tube 
expansion process for the steel tube, whereby an occurrence or degree of<quality aberration can be 
determined at a site that is removed from the quality inspection device, and whereby quality 
aberrations in said steel tube can be detected almost simultaneous to their occurrence. 
{0007} 

{Means for Solving the Problems} The gist of the present invention used in order to solve these 
problems relates to a quality inspection method used during tube expansion wherein an AE sensor for 
detecting vibrations in a steel tube during tube expansion of said steel tube is situated against the steel 
tube, and when tube expansion occurs as a tube expansion mandrel moves through the interior of the 
steel tube, increases in the AE sensor signal amplitude, the number of increases in the AE sensor 
signal amplitude, or the time over which the increase in AE sensor signal amplitude occurs is detected, 
and the occurrence of quality aberration in the aforementioned steel tube is determined on the basis of 
the detected signals. 

{0008} By means of the quality inspection method used during tube expansion pertaining to the 
present invention carried out in this manner, vibrations arising on the interior of a steel tube and on the 
surface of a steel tube during tube expansion occurring as a tube expansion mandrel passes through 
the interior of a steel tube are detected by an AE sensor situated on the steel tube, and quality 
aberration is judged to have occurred when an increase amplitude of the aforementioned AE sensor 
signal is detected, when the number of increases in amplitude of the aforementioned AE sensor signal 
reaches a predetermined number, or when the time over which the increase in amplitude of the 
aforementioned AE sensor signal occurs is longer than a predetermined time. 

{0009} In addition, as with the invention described in Claim 2, when the degree of quality aberration 
of the aforementioned steel tube is to be judged based on the magnitude of the increase in AE sensor 
signal amplitude, the number of increases of AE sensor signal amplitude, or the time of the increase in 
AE sensor signal amplitude, detected at the time when the aforementioned quality aberration is 
determined, the degree of the quality aberration of the aforementioned steel tube can be determined 
based on the magnitude of the aforementioned AE sensor signal amplitude, the number of increases in 
the aforementioned AE sensor signal amplitude, or time over which the amplitude of the AE sensor 
signal has increased. 

{0010} In addition, as pertains to the invention of Claim 3, the AE sensor signal detected during tube 
expansion is amplified at the time of tube expansion as the tube expansion mandrel moves long the 
interior of the steel tube, and the degree of the aforementioned amplification is increased along with a 
continual decrease in AE sensor signal amplitude, or the degree of the aforementioned amplification is 
decreased in accordance with a continual increase in AE sensor amplitude. 

{0011} With the quality inspection method used during tube expansion described in Claim 3 of the 
present invention carried out in this manner, the AE sensor signal detected during tube expansion as 
the tube expansion mandrel moves along the interior of the steel tube is amplified, and as the damping 
of vibrations generated by the tube as they are conducted to the AE sensor increases, the degree of the 
aforementioned amplification is increased, or as the aforementioned damping decreases, the degree of 
the aforementioned amplification is decreased. By this means, damping occurring with transmission of 
the vibrations generated by tube expansion to the AE sensor is compensated for, and quality 
inspection is carried out based on said corrected AE sensor signal. 
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{0012} Employing the change in degree of amplification in accordance with a continual increase or 
continual decrease in output amplitude from the AE sensor means that the change in tube expansion 
amplitude in a region in which the output amplitude of the relatively stable AE sensor changes 
continually is taken as a reference. For example, this means that the aforementioned amplification 
level is not made to follow discontinuous change in amplitude, as with changes in AE sensor signal 
amplitude produced during the occurrence of aberration. By excluding these regions of discontinuous 
change in this manner, correction is carried out based on the change in AE sensor signal amplitude, so 
that even if the AE signal amplitude increases or decreases over time during the observation period 
over which quality aberrations, etc. are generated, the attenuation can be appropriately corrected for 
without erroneous correction. 
{0013} 

{Embodiments of the Invention} Desirable embodiments of the present invention are described in 
detail below in reference to the figures. Figure 1 is a. schematic constitutional diagram used for 
schematically presenting the quality inspection method used during tube expansion of steel tubes 
pertaining to the present invention. A long tube 30 is shown in cross section. Said long tube 30 is a 
tube produced by welding relatively short steel tubes 30a, 30b, 30c. at weld regions 31a, 31b~. In the 
figure, only three steel tubes are shown, but these tubes continue downwards. 

{0014} The tube expansion mandrel 20 has a cylindrical part and a tapered part as shown in the 
figures, and a load P is applied from behind (upwards in the figure). As the mandrel travels forward 
(downwards in the figure), the interior wall of the long tube is pressed outwards in a radial direction 
due to the aforementioned tapered part, thus expanding the aforementioned long tube 30. The AE 
sensor 10 is situated in contact with the outer wall of the long tube, and the vibrations at said outer 
surface are converted into signals as the aforementioned tube expansion is taking place. Said signals 
are output to an inspection device main unit 100 to which it is connected. 

{0015} Figure 2 is a control block diagram showing an example of the signal processing structure in 
the quality inspection device implemented in the present invention. In the quality inspection device 
main unit 100 shown in (a), the AE sensor 10 is connected to an absolute value processor 101, and the 
absolute value processor 101 is connected to a comparative processor 103. An aberration decision 
standard value setting part 102 is also connected with the comparative processor 103, and the 
comparative processor 103 is connected to a notification means 110. 

{0016} The aforementioned absolute value processor 101 removes the direct current component of the 
output signal from the AE sensor 10, and outputs signals that have been converted into absolute 
values. The aforementioned aberration decision standard value setting part 102 is the part where the 
aberration decision standard value Thl is set, which is the threshold value for deterrnming the size of 
the signal amplitude from the AE sensor 10. The aberration decision standard value Thl should be set 
at a value that is between the AE sensor signal amplitude when tube expansion is occurring without 
aberration, and the AE sensor signal amplitude when quality aberrations occur. 
{0017} For example, the operator uses a standard value setting knob that is provided in order to set 
the aberration decision standard value obtained experimentally beforehand in accordance with the type 
of steel tube that is the subject of tube expansion. In this case, the value is automatically set to a value 
determined by multiplying the AE sensor signal amplitude As at time ts in the initial stage in which 
the tube expansion process is initially occurring in said long tube 30 by a constant ki that has been 
determined beforehand (where ki > 1). 

{0018} The aforementioned comparative processor 103 compares the signal input from the absolute 
value processor 101 with the aforementioned aberration decision standard value Thl, and when the 
signal from the absolute value processor 101 exceeds the aberration decision standard value Thl, a 
high-value generation signal is output When the aforementioned high value generation signal is input 
into the notification means 110, a quality aberration is judged to have occurred, and an indication of 
this occurrence is sent to the operator by a tone or display. 

{0019} In this manner, when quality inspection is to be carried out by the quality inspection device 
main unit 100 constituted in the manner shown in (a), the direct current component is taken from the 
signal from the AE sensor 10 , and is rectified to obtain an amplitude. When the signal amplitude from 
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the AE sensor 10 exceeds the aberration decision standard value, a notification is made regarding the 
occurrence of aberration. 

{0020} The quality inspection device unit 100 shown in (b), as can be seen from the figure, has a 
pulse counting processor 104 between the notification means 110 and the comparative processor 103 
constituting the quality inspection device shown in (a) above. The pulse counting processor 104 is 
connected to the comparative processor 103 and the notification means 110. The number of the 
aforementioned high value generation signals received from the comparative processor 103 is 
calculated, and when this number reaches or surpasses the number that has been previously set, a 
quality aberration occurrence signal is output. In this case, a quality aberration occurrence signal is 
output when the number of occurrences of high value generation signals is 2 or greater. 
{0021 } Consequently, when quality inspection is carried out with a quality inspection device unit 100 
constituted as indicated in (b), the signal from the AE sensor 10 is removed and rectified, and its 
amplitude is obtained. When the signal amplitude from the AE sensor 10 exceeds the aberration 
decision standard value two or more times, notification of an occurrence of quality aberration is made. 
{0022} In addition, in this case, the pulse counting processor 104 transmits the number of high value 
generation signals to the notification means 110 in addition to the aforementioned quality aberration 
generation signal. The notification means 110 should be constituted in such a manner that notification 
is made regarding the occurrence of quality aberration, and the degree of quality aberration in 
accordance with the number of high value generation signals. For example, the device may be 
constituted so that the number of high value generations itself is made known, but in this case, 
notification indicating "slight'* in regard to the degree of aberration is made when the number is 2 or 
3, notification indicating "moderate" is made when the number is 4 or 5, and notification indicating 
"high" is made when the number is 6 or greater. 

{0023} The quality inspection device unit 100 shown in (c) is expanded upon by adding a peak 
detector 107 to the quality inspection device presented in (a). Output from the absolute value 
processor 101 and output from the comparative processor 103 is input into the peak value detector 
107, and this is linked to the notification means 110. When the aforementioned high value generation 
signal is output from the aforementioned comparative processor 103, the peak value detector 107 
retains the peak value of the output of the absolute value processor 101 at this rime, and outputs this 
value to the aforementioned notification means 110. 

{0024} Thus, the notification means 110 reports the degree of quality aberration based on the 
aforementioned peak value in addition to reporting the occurrence of quality aberration. For example, 
the magnitude of the peak value itself may be reported, but in this case, notification of a "high", 
"moderate" or "low" determination is made in regard to the degree of aberration based on the 
magnitude of the peak value. 

{0025} When quality inspection is carried out using the quality inspection device unit 100 constituted 
as indicated in (c), the signal from the AE sensor 10 is rectified after removing the direct current 
component, and the amplitude is obtained. When the signal amplitude of the AE sensor 10 exceeds the 
aberration decision standard value Thl, sound or display is used in order to present an indication of an 
occurrence of aberration and the degree of quality aberration based on the peak value of the AE sensor 
signal amplitude at the time of occurrence of said quality aberration. 

{0026} The quality inspection device unit 100 shown in (d) is a unit in which an envelope detector 
106 is also included between the absolute value processor 101 and the comparative processor 103 in 
the quality inspection device presented in (a), and a pulse width discriminator 108 is also provided 
between the comparative processor 103 and the notification means 110. The aforementioned envelope 
detector 106 outputs an envelope signal linking each of the maximum values of the output signals of 
the absolute value processor 101, and this is transmitted to the comparative processor 103. The 
comparative processor 103 outputs a high value generation signal to the notification means 110 when 
the output of the envelope detector 106 is larger than the aforementioned aberration decision standard 
value Thl. The pulse width discriminator 108 transmits an indication of an aberration occurrence and 
the length of time for the aforementioned high value generation to the notification means 110 when 
the time of the aforementioned high value generation signal is longer than a determined time period. 
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{0027} Thus, the notification means 110 performs notification of a quality aberration occurrence and 
degree of quality aberration based on the length of the aforementioned high value generation signal. 
For example, notification may be made as to the length of the aforementioned high value generation 
signal itself, but in this case, notification is made as to the results of determination based on "high", 
"moderate" or "low" in regard to the degree of aberration determined based on the length of the 
aforementioned high value generation signal period. 

{0028} When quality inspection is carried out with the quality inspection device unit 100 constituted 
as shown in (d), the direct current component is removed from the AE sensor 100 signal, and the time 
for which the envelope intensity of the rectified signal exceeds the aberration decision standard value 
is calculated If said time is longer than the determined time period, then sound or display is used in 
order to make a notification regarding quality aberration and the degree of quality aberration 
determined based on the time that the envelope intensity exceeded the aberration decision standard 
value ThL f 
{0029} Figure 3 presents a schematic diagram in which the signal waveform for each of the 
processors is shown in common for Figure 2a, 2b and 2c. Specifically, Figure 3 shows the waveforms 
outputs at each part of the quality inspection device unit 100 when a quality aberration has occurred at 
the connection 31b during tube expansion, for the quality inspection system shown in Figure 1, 
whereas (a) shows the output signal for the AE sensor 10, (b) shows the output signal for the absolute 
value processor 101, and (c) shows the output value for the comparative processor 103. 
{0030} The waveform shown in (a) will be described in sequence. When the tube expansion process 
is initiated with advancement of the tube expansion mandrel 20 at time to, vibrations are generated via 
acoustic emission (AE) arising due to plastic deformation, etc., occurring with tube expansion and 
vibrations are generated due to friction between the long tube 30 and the tube expansion mandrel 10 
as advancement occurs (these vibrations are referred to in combination as 'tube expansion 
vibrations"). When there is no aberration in quality, the tube expansion vibrations give a 
comparatively weak elastic wave. Consequently, for the period extending from time to to time t, 
during tube expansion of the steel tube 30a, a signal waveform having a comparatively small 
amplitude is output by the AE sensor 10. 

{0031} Next, during the period from time t| to time t 2 in which tube expansion of the weld 31a 
occurs, said weld region 31a has been welded by mechanical joining, diffusion welding or welding, so 
its hardness is higher than that of the steel tube 30a. As a result, the progress of the tube expansion 
mandrel 20 slows, and the aforementioned tube expansion vibrations give vibrations of even weaker 
amplitude. At this time, the AE sensor 10 outputs a signal waveform for vibrations that are smaller 
from time to to time t,. During the time from t 2 to t 3 in which the steel tube 30b expands, the AE 
sensor 10 outputs a signal waveform with a comparatively weak amplitude as with the time period 
from time to to tj described above. 

{0032} When there is a crack generated during tube expansion of the connection 31b, the energy 
emanates from the crack, and an elastic wave with a comparatively large amplitude is produced. The 
tube expansion vibrations that include said elastic waves are detected by the AE sensor 10, and during 
the period from time t 3 to time U, a signal waveform with a comparatively large amplitude is output. 
Subsequently, as shown in the figure, the AE sensor 10 outputs a signal waveform that has a 
comparatively small amplitude from time U to time t 5 during tube expansion of the steel tube 31c as 
shown in the figure. Then a signal waveform with an even smaller amplitude is output from time t s to 
time t« during expansion of the next weld region thereof not shown in the figure. 
{0033} Meanwhile, the output waveform from the absolute value processor 101 is the absolute value 
conversion determined after removing the direct current component of the AE sensor output shown in 
(a), thus producing the waveform shown in (b). In addition, the comparative processor 103 compares 
the output signal from the aforementioned absolute value processor 101 with the aberration decision 
standard value TH1 set as described above, and a "Hi" signal is output when the value is larger than 
said standard value TH1, whereas a "Lo" signal is output when said value is smaller than said 
standard value. 

{0034} Consequently, when the output signal of the absolute value processor 101 shown in (b) is 
input, the comparative processor 103 outputs the waveform shown in (c). During the time from time to 
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to time t 3 , the output remains "Lo" because there is no input from the absolute value processor 101 
that is higher than the aforementioned aberration decision standard value TH1. Next, because a crack 
is generated in the time period from time t 3 to U, a signal having an amplitude that is larger than the 
aforementioned aberration decision standard value THi as shown in (b) is input, and pulses PI to P3 
are output during the time period from time t 3 to t4 in (c). Subsequently, there is no output that is larger 
than the aforementioned standard value THI during the time period from time U to and so the value 
remains "Lo'\ 

{0035} With the respective quality inspection device units 100 having the constitutions described in 
(a)-(c)of Figure 2, the following types of processes are carried out based on the output signals shown 
in (a><c) of Figure 3. With die quality inspection device unit 100 shown in Figure 2(a), a "Hi" pulse is 
output from the comparative processor 103, and an aberration generation signal is output to the 
notification device 110, so that notification of an occurrence of an aberration is made by the 
notification means 110. < 

{0036} With the quality inspection device unit 100 shown in Figure 2(b), the number of pulses output 
from the comparative processor 103 is 3, and because this corresponds to 2 or more occurrences, 
notification is made regarding an indication of quality aberration. In addition, notification is also made 
regarding the degree of quality aberration corresponding to a pulse number of three for the high value 
signals. 

{0037} In the quality inspection device unit 100 shown in Figure 2(c), the peak value detector 107 
produces three outputs of "Hi" signals from the comparative processor 103, and so peak values PK1 
through PK3 of the absolute value processor 101 output are detected during the pulse generation time. 
Consequently, an aberration occurrence signal and signals representing the peak values PK1 to PK3 
are sent to the notification means 110. The notification means 110 then makes notification, via sound 
or display, of the occurrence of quality aberration, and the degree of the quality aberration 
corresponding to the aforementioned peak values PK1 through PK3. 

{0038} Figure 4 is a diagram that presents a schematic representation of the signal waveforms for 
each of the processors in Figure 2(d). Figure 4, specifically, represents the waveform output at each of 
the parts of the quality inspection device unit 100 when there is a quality aberration at the connection 
31b during tube expansion carried out by the quality inspection system presented in Figure 1 , whereas 
(a) represents the output signal of the AE sensor 10, where this waveform is similar to that if Figure 
3(a). Here, (b) represents the output signal of the absolute value processor 101, where this waveform 
is similar to that of Figure 3(b), and (c) represents the output waveform of the envelope detector 106. 
{0039} The quality inspection device unit 100 having the constitution of (d) in Figure 2 detects 
quality aberration in the following manner based on the signals presented in Figure 4. The variation in 
envelope intensity is determined by the pulse width determination part 108 and the comparative 
processor 103, and when the time during which said envelope intensity is greater than the 
aforementioned aberration decision standard value Thl (time over which the comparative processor 
103 outputs the aforementioned high value generation signal; represented by T in the figure) is longer 
than the predetermined time, an aberration generation signal and a signal that transmits the 
aforementioned time T is sent to the notification means 110. The notification means 110 then makes a 
notification, via sound or display, as to the occurrence of quality aberration, and the degree of quality 
aberration corresponding to the aforementioned time period T. 

{0040} Figure 5 is a control block diagram showing a processing system example that is different 
from the steel tube quality inspection device presented in Figures 2(a)-(d). The AE sensor 10 is 
attached to the aforementioned long tube 30, and surface vibrations from the long tube 30 are 
converted to signals that are output. The absolute value processor 101 removes the direct current 
component of the AE sensor 10 output signal, and outputs the absolute value of the resulting signal to 
the amplification processor 105 and envelope detector 106. 

{0041} The amplification processor 105 is the part that amplifies the absolute value processor 101 
output, and in order to correct for attenuation of the elastic waves reaching the AE sensor at this time, 
said level of amplification is made such that it is inversely proportional to said envelope intensity at 
any give time t, based on the output of the envelope detector 106. Consequently, the level of 
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amplification at inspection time ts is set at As/At using, as reference, the intensity As of the envelope 
at time ts during the initial tube expansion period. 

{0042} The envelope detector 106 outputs a signal produced by carrying out specified processing on 
the envelope that links each maximum of the output signals from the absolute value processor 101, 
and this signal is transmitted to the amplification processor 105. As described in detail below, when 
no aberrations are being generated during tube expansion of the main steel tube bodies 30a, 30b, 
30c.,., the envelope is processed taking the amplitude of the AE sensor output as an index of the 
aforementioned amplification level correction. The result is output to the amplification processor 105. 
{0043} The aberration decision standard value setting part 102 is the part whereby the aberration 
decision standard value Th2 is set, which is the threshold value for determining the magnitude of the 
output signal amplitudes from the amplification processor 105. The aberration decision standard value 
setting part 102 automatically is set to a value found by multiplying the amplitude As of the output 
from the envelope detector 106 at time ts during the initial period of the tobe expansion process of 
said long tube 30 by a predetermined constant k 2 (where k 2 > 1). 

{0044} The aforementioned comparative processor 103 compares the signal input from the 
amplification processor 105 with the aforementioned aberration decision standard value Th2, and 
outputs a high value generation signal when the signal of the amplification processor 105 is greater 
than the aberration decision standard value Th2. The notification means 110 notifies the operator via 
sound or display as to the occurrence of quality aberration when the aforementioned high value 
generation signal has been input. 

{0045} Figure 6 and Figure 7 are waveform diagrams that give a schematic presentation of the outputs 
of each of the constitutive processors shown in Figure 5. Specifically, the figures are output waveform 
diagrams for each of the constitutive processors shown in Figure 5 when cracks occur in the 
connection 32b along with tube expansion of a long tube 30 having the constitution shown in Figure 

{0046} The signal shown in Figure 6(a) is produced by conversion of the vibrations from the long 
tube into signals by the AE sensor 10. This waveform is the same as the waveform shown in Figure 
3(a) and varies similarly. Specifically, an amplitude signal that is comparatively small is output from 
time to to time t| as tube expansion of the steel tube 30a is occurring, whereas' an amplitude signal 
waveform that is smaller than the waveform from time to to time t| is output over the time period from 
time t, to time t 2 during which tube expansion of the weld region 31a occurs. 

{0047} Subsequently, over the time period from time t 2 to time tj during which tube expansion of the 
steel tube 30b occurs, the AE sensor 10 outputs a signal waveform with an amplitude that is 
comparatively weak, as with the waveform output over the time period from to to t! above. During the 
period from time t 3 to U during which cracking occurs during tube expansion in the connection 31b, a 
signal waveform with a comparatively large amplitude is output. Subsequently, a signal waveform 
with a comparatively small amplitude is output over the period from time t, to t 5 during which tube 
expansion of the tube 30c occurs. A signal waveform with a small amplitude is again output over the 
time period from time t 5 to t* during which the subsequent weld region is undergoing tube expansion 
(not shown in the figure). 

{0048} The waveform shown in Figure 6(b) is the output signal from the absolute value processor 
101, and results from removing the direct current component of the output signal from the AE sensor 
10, and performing absolute value conversion. The waveform represented by the solid line in Figure 
6(c) is the output signal from the envelope detector 106, and is produced as a result of processing the 
envelope from the outputs of the absolute value processor 101 in the manner described below. 
{0049} Specifically, the periods from time t, to time t 2 , time t 3 to time U, and time t s to time t*, are 
times when tube expansion is occurring in weld regions 31a, 31b, 31c. of the long tube, or times 
when aberrations are occurring. The envelopes for these times produce the waveforms represented by 
the broken lines in Figure 6(c), but the waveforms represented by said broken lines are not output in 
these time periods. Rather, values interpolated from the change in envelope intensity at a time before, 
after, or before and after (represented by the solid lines in the figure) are output as the envelope 
intensity At for said time points. 
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{0050} For example, when the difference or ratio of the actual calculated value and the predicted 
value determined from the change in the envelope using the aforementioned standard exceeds a 
predetermined range, said predicted value is used instead of said actual value. Thus, the envelope 
intensities during tube expansion in the weld regions and during quality aberration will be far outside 
the values predicted from the transition of the envelope intensity during tube expansion of the main 
body of the steel tube, and so the aforementioned predicted values are used instead of the envelope 
intensity at these times. 

{0051} Figure 7(a) shows the output signal from the amplification processor 105. With regard to the 
output, the amplification processor 105 amplifies the signal shown in Figure 6(b) that is output by the 
absolute value processor 101 by a degree of amplification that is inversely proportional to the intensity 
of the envelope detector output represented by the solid line in Figure 6(c) in order to correct for 
damping of the elastic waves reaching the AE sensor. As is seen in the figure, the degree of 
amplification of the signal from the absolute value processor 101 is increased by the amplification 
processor 105 in accordance with the distance of the AE sensor from the site of tube expansion. An 
output is thus made after correcting for damping of the elastic waves produced by tube expansion. 
{0052} Figure 7(b) shows the output signal from the comparative processor 103. The comparative 
processor 103 outputs a "Hi" signal when the output of the amplification processor exceeds the 
aforementioned aberration decision standard value Th2, and thus outputs pulse signals PI to P3 
which are high value generation signals during the period from time t3 to t4. The notification means 
110 receives said high value generation signals, and uses sound or display to make a notification as to 
the occurrence of quality aberration, 

{0053} In addition, a pulse counting processor is provided between the aforementioned comparative 
circuit part 103 [sic] and the aforementioned notification means 110, whereby the number of the 
aforementioned high value generation signals from the comparative processor 103 is counted. This 
number is then transmitted to the notification means 110. The notification means 110, thus renders 
notification regarding the occurrence of quality aberration and the degree of quality aberration based 
on the number of the high value generation signals. 

{0054) Meanwhile, a peak value detector is provided that detects the maximum value for the 
amplification circuit output immediately after the point when the high value generation signal is 
output from the aforementioned comparative circuit 103. The notification means 110 thus renders 
notification as to the occurrence of quality aberration, and the degree of quality aberration based on 
the magnitude of said peak value. 

{0055} Figure 8 is an output waveform diagram for each of the processors when cracking occurs 
during actual tube expansion of the steel tube. Specifically, the figure is an output waveform diagram 
when quality inspection is actually being carried out according to the present invention using the 
configuration described in Figure 1 and Figure 2(a). In (a), the high-amplitude output waveforms 
occurring approximately at times t u t 2 and t 3 are generated due to the occurrence of cracking at these 
time points. 

{0056} As is clear from the figures, when the aforementioned aberration decision standard value Thl 
is set to 5x the value of the amplitude As of the AE sensor at time ts in the initial period of tube 
expansion using the aforementioned aberration decision standard value setting part 102, the 
comparative processor 103, as shown in (b) generates pulse signals which are the aforementioned high 
value generation signals, the first being close to time t,, the second being close to time t 2 and the third 
being close to time t 3 . Consequently, the notification means sends notification of aberration 
occurrences at these time points tj, t 2 and t 3 . 

{0057} The present invention is not restricted by the embodiments described above, and various 
modifications arc possible within a range that does not exceed the scope of the invention. For 
example, it goes without saying that the steel tube that is the subject of inspection is not restricted to 
one that has weld regions. The site of attachment of the AE sensor is also not restricted to the side 
surface of the tube, as the sensor may be attached at the end surface. In the embodiments described 
above, the tube expansion mandrel had a tapered region, but mandrels are not restricted to this type. 
For example, a tube expansion mandrel can be used that has expanding diameter rollers present on the 
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outer surface of the mandrel, so that the internal wall of the steel tube is pressed outwards in a radial 
direction by means of said expanding diameter rollers. 

{0058} On the other hand, regarding setting of the aforementioned aberration decision standard value, 
modes are not restricted to the process represented in the embodiment, and the value may be set to a 
value that is between the amplitude of the signal determined when normal tube expansion is occurring 
and the amplitude of the signal determined when quality aberration occurs. In addition, in the 
aforementioned embodiment, processing performed by analog signal processors can be carried out by 
means of digital signal processing. For example, an A/D converter can be provided after the absolute 
value processor 101 or the amplification processor 105 so that their outputs are converted to digital 
signals, which are then subjected to digital signal processing for subsequent processes. 
{0059} 

{Effects of the Invention} By means of the quality inspection method used during tube expansion 
described in Claim 1 of the present invention, as tube expansion occurs w^th movement of the tube 
expansion mandrel, vibrations are generated at the site of tube expansion. When quality aberrations 
are generated in the steel tube, the AE sensor signal amplitude increases relative to the amplitude at 
previous and subsequent time points. By employing this increase, the invention has the merit of 
allowing determination regarding an occurrence of quality aberration as tube expansion occurs 
without installing special irradiation devices or drive devices for quality inspection. 
{0060} In addition, vibrations generated by tube expansion and by movement of the tube expansion 
device are transmitted through die steel tube to an AE sensor that is at a location distant from the site 
where tube expansion is occurring, so that it is possible to perform quality inspection during tube 
expansion with the inspection device itself fixed at a specific location. In addition, there is also the 
merit that quality inspection can be carried out as the long steel tube is undergoing expansion. 
Because the rate of transmission of said vibrations is extremely fast, when quality aberrations such as 
cracking occur during tube expansion, it is possible to detect the occurrence of quality aberration and 
the degree of quality aberration nearly simultaneous to its occurrence. 

{0061 } Moreover, with the quality inspection method used during tube expansion described in Claim 

2, in addition to the merits of the quality inspection method described in Claim I, there is the merit 
that the degree of quality aberration can be determined simultaneous to the quality aberration with the 
inspection device itself fixed at a determined location, without requiring the use of special drive 
devices or irradiation devices for quality inspection. 

{0062} Moreover, with the quality inspection method used during tube expansion described in Claim 

3, the degree of amplification of the AE sensor is increased in accordance with a continual decrease in 
AE sensor signal amplitude, or the degree of amplification of the AE sensor signal is decreased in 
accordance with a continual increase in AE sensor amplitude. By this means, damping of the elastic 
waves generated due to tube expansion occurring during the time it takes them to reach the AE sensor 
can be compensated for with high precision, so that it is possible to increase the reliability and 
accuracy of processing carried out using said AE sensor signal. 

{0063} For example, as the tube expansion mandrel becomes increasingly distant from the AE sensor, 
the decrease in AE sensor signal is compensated for, and thus even with long steel tubes, it is possible 
to determine the occurrence of quality aberration and the degree of quality aberration with a high level 
of accuracy. Moreover, because stable determination of the occurrence of quality aberration and the 
degree of quality aberration is possible with little fluctuation in AE sensor signal amplitude due to 
change in transmission distance, a quality inspection method for use during tube expansion is 
provided that increases the reliability of these determinations. 
{Brief Description of the Figures} 

{Figure 1} Schematic constitutional diagram that presents a summary of the quality inspection method 
during tube expansion of steel tubes pertaining to the present invention. 

{Figure 2} Control block diagram showing an example of the signal processing system for the steel 
tube quality inspection device used in the present invention. 

{Figure 3} Diagram giving a schematic presentation of the signal waveforms for each of the 
processors of Figure 2(a), (b) and (c), where (a) is the waveform diagram of the output signal from the 
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AE sensor, (b) is the waveform diagram of the output signal from the absolute value processor and (c) 
is the waveform diagram of the output signal from the comparative processor. 
{Figure 4} Diagram giving a schematic presentation of the signal waveforms for each of the 
processors for Figure 2(d), where (a) is the waveform diagram of the output signal from the AE 
sensor, (b) is the waveform diagram of the output signal from the absolute value processor and (c) is 
the waveform diagram of the output signal from the envelope detector. 

{Figure 5} Control block diagram showing an example of a processing system other than that of the 
steel tube quality inspection device presented in Figure 2(a)-(d). 

{Figure 6} Waveform diagrams giving a schematic presentation of the outputs of the constitutive 
processors for the steel tube quality inspection device shown in Figure 5, where (a) is the waveform 
diagram of the output signal from the AE sensor, (b) is the waveform diagram of the output signal 
from the absolute value processor and (c) is the waveform diagram of the output signal from the 
envelope detector. f 
{Figure 7} Waveform diagrams giving a schematic presentation of the outputs of the constitutive 
processors for the steel tube quality inspection device shown in Figure 5, where (a) is the waveform 
diagram of the output signal from the amplification processor and (b) is the waveform diagram of the 
output signal from the comparative processor. 

{Figure 8} Waveform diagrams for the various processors when cracking occurs during actual tube 
expansion of a steel tube, where (a) is the output waveform diagram from the absolute value processor 
amplification processor and (b) is the output waveform diagram from the comparative processor. 
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